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5. Animal keeping and the use of animal products  
in medieval Emden: a synthesis 
 
“Food reflects everything, it is a microcosm of what is shaping the world at the time. What 
you eat and how you eat it are the product of what you are doing there and then” (SPENCER 
2004, 9).  
 
This chapter draws together the zooarchaeological results from all excavations conducted in 
the centre of Emden (i.e. Rosenstraße, Schulstraße, Kirchstraße, Pelzerstraße, Große Kirche, 
Emsstraße and Große Straße). Detailed analysis of the animal bone from the Rosenstraße can 
be found in chapter 2, that of the Schulstraße in chapter 3 and that of the Kirchstraße in 
chapter 4. Chapter 6 will place the results of the zooarchaeological study of the Emden animal 
bone material into a wider context. 
 
5.1. Zooarchaeological results 
 
Provenance 
In comparison, slightly more identified hand collected bone material comes from the 
Kirchstraße than from the Schulstraße or Rosenstraße. As can be seen from Figure  5-1, the 
NISP per occupation layer differs between the three excavations. It becomes clear that the 
Kirchstraße assemblage is most informative for the later medieval and early modern period, 
whereas the Schulstraße assemblage covers the earlier medieval period best. The Rosenstraße 
assemblage takes an intermediate position. Until the 11th century, only one house occupied the 






















Figure  5-1 Proportions of identified bone material per excavation. 
(black: Rosenstraße, white: Schulstraße and grey: Kirchstraße). 
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5.1.1. Relative frequencies of the species 
 
The animal remains found in the Emden assemblage came from domestic animals and wild 
animals. Most were killed for food, others because they were perceived as pests. Some 
background fauna, like amphibians and rodents, were incorporated when they happened to die 
on the site. Other animals were viewed as pets although these are difficult to identify in the 
zooarchaeological record as this mainly reflects the human attitude towards their remains. In 
addition, attention should be paid during the excavation to record articulated animal remains 
in order to establish if an animal was buried as a complete skeleton. This condition was not 
met for the Emden excavations. Furthermore, as literary and artistic evidence suggests, the 
precipitance of some species as pets emerged rather recently (17th/18th century) (THOMAS 
2005, 95, 99). The faunal material from Emden mainly dates to the 9th-14th century and thus 
predates this change. 
 
Before we can compare the combined results from the Emden excavations with the results of 
other sites in the next chapter, an assumption must be made: a representative proportion of all 
animals once present was embedded into the soil, subsequently excavated and available for 
research. Animal bone material will have a chance to get imbedded on the site when it is part 
of an intentional deposition. An intentional deposition might for instance be a rubbish pit or 
the placement of a skull under the foundation of a house to ensure good fortune. It is clear that 
not all animal bone became part of an intentional deposition. Bone waste was probably left to 
the dogs and pigs which likely ingested parts of it or dragged bones off the site (see for 
instance MALDRE 2006, 4-48; BINFORD 1981, 58 and DOMÍNGUEZ-SOLERA & DOMÍNGUEZ-
RODRIGO 2009). People might have given parts of a butchered animal away as part of trading 
activities, etc. And even if all animal bone waste was collected and deposited into pits, 
different preservation conditions between the different layers in the pit could have caused 
biases1. 
 
The above described process is called taphonomy: the study of burial. Typically, these 
processes can not be influenced by the researcher as the actions that led to them lay in the 
past. Taphonomic analysis of the Emden material showed that the general condition of the 
bones is very good, indicating rapid burial. The presence of numerous bones from young 
animals and even foetal bones indicates that soil conditions were favourable for bone 
preservation. The low proportion of loose teeth in the Kirchstraße assemblage shows that this 
particular assemblage was not extensively reworked. It can thus be assumed that animal bones 
which got embedded into the soil matrix had a good survival chance in this part of the old 
town centre. However, analysis of the different recovery techniques (see chapter 4.9) showed 
that especially for the two older excavations (Rosenstraße and Schulstraße) smaller bones 
were not picked up. It is likely that species proportions as seen in the Kirchstraße assemblage 
are more reliable as part of the soil was sieved. This means that sheep/goat and pig 
represented a larger part of the diet of the people who lived in this part of medieval Emden, 




                                                 
1 EWERSEN (2000) monitored the decay of two elk skeletons near Mörsil, Sweden. He established that between a 
third and half of the bones were gone after only eight to ten years. And these were merely ‘laboratory conditions’ 
as only one of the elks was partly butchered and only little human intervention took place after the killings. His 
observations make it clear that most of the bones originally present on a site do not even make it into the soil 
archive. See also LANDON (1992) and LOCOCK, CURRIE & GRAY (1992). 
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Domesticated mammals 
As described in chapters 2 to 4, based on the NISP and BW of the hand collected material all 
assemblages are dominated by cattle, followed by sheep/goat and a small proportion of pig 
(Figure  5-2). Though the material from the older excavations is biased against sheep/goat and 
pig, the MNI suggests that livestock was dominated by sheep/goat. This means that beef was 
more important than mutton, but that more sheep than cattle were kept. Over time, the 
proportions of cattle and pig increase, whereas sheep/goat decreases. (Figure  5-2). The 
proportions of the animals eaten likely reflect the husbandry economy of the hinterland. 
Looking at species proportions (especially MNI and species proportions in the soil samples 
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Figure  5-2 NISP (%) of the main domestic species through time for the Emden excavations. 
 
Although the Schulstraße assemblage shows the same broad trend as the other two 
assemblages, some differences are seen. In the material from the 11th and 12th centuries, the 
proportion of sheep/goat rises whereas that of cattle declines. A comparison of the NISP-
values per occupation layer shows that all observed differences are significant (χ2 with α 
0.05), except those for the late 10th/early 11th century. Contributing the most to the observed 
difference are the numbers of sheep. This means that the proportion of mutton in the diet was 
higher for the Schulstraße than for the Rosenstraße or Kirchstraße. From the 13th century 
onwards the Schulstraße resembles the other two assemblages again. 
 
An explanation for the seen differences between the assemblages through time comes from 
DRIVER’s (2004, 246-248) observations of the animal bone material from a backyard of a 
medieval stone house in Southampton. Here different disposal practices resulted in different 
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2assemblages . DRIVER was able to show that the remains of poultry and suckling pigs, 
commonly prepared ‘on the bone’, were disposed close to the house (kitchen), whereas the 
bones from larger animals, which resulted from butchery and subsequent portioning, were 
disposed off in pits at the rear of the backyard. When thus only part of a site is excavated, the 
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Figure  5-3 NISP (%) of the main domestic species for the street sub-assemblage 
from the Schulstraße through time. 
 
In the knowledge that the trench at the Schulstraße was only small, the differences seen might 
well be due to the nature of the features the bones came from. Although the finds from the 
two older excavations were not recorded per feature, part of the trench at the Schulstraße 
enclosed the former track of this street and it is possible to distinguish this material with the 
help of the field drawings. Figure  5-3 shows the proportions of the different species through 
time for the material found on the track of the street. The characteristic high sheep/goat and 
correspondingly low cattle proportion seen in the whole Schulstraße assemblage is clearly 
visible. If this material is omitted from the assemblage the proportions are comparable with 
those from the Rosenstraße and Kirchstraße assemblages (Figure  5-4). The apparent 
difference between the material from the street and from the rest of the trench is likely to be 
due to a difference in genesis between the two. Possibly, a layer of mainly sheep bones was 
used to improve the street’s drainage. 
 
Although the NISP (Figs.: 2-3, 3-3 & 4-3), BW (Figs. 2-4, 3-4 & 4-5) and MNI (Figs. 2-7, 3-7 
& 4-6) show that only a few remains of horse, dog and cat were found in the bone 
assemblage, it would be wrong to conclude that these species were uncommon or unimportant 
                                                 
2 This forms a marked difference with the situation of Saxon Hamwic, Southampton’s predecessor as 
HAMILTON-DYER (2005, 146) states that the disposal of bone waste seems to be undifferentiated right across the 
settlement. No high status households could be detected and pits were not exclusively used for butchery or 
kitchen waste. 
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in urban life. Only 46 horse bones were identified in the Emden assemblage (including the 
finds from Pelzerstraße, Emsstraße and Große Kirche). All three major excavations produced 
the same small proportions of horse bones and no chronological changes can be detected. As 
most of the collected bones are kitchen refuse and the consumption of horsemeat was 
forbidden with the spread of Christianity (c 8th century AD), it should not be thought that 
horses were of minimal value to the people of Emden. With the introduction of the horse 
collar in western Europe which is archaeologically traceable from the 11th/12th century 
onwards, the horse could be used not only as a riding animal but also as a draught animal for 
ploughing and pulling carts. Before the introduction of the horse collar, a horse could only 
pull small loads without loosing its breadth as the straps were tied around its neck and the 
load was not spread over the shoulders (BENECKE 2003, 190). For Emden, this means that the 
horse collar was probably in use from occupation layer 3a onwards. In addition, ALBARELLA 
(2005b, 139) states that while horses were important in the town economy providing ‘horse 
power’, they rarely died in the town. As the proportion of horse remains in the villages is 
usually higher than in the towns, he believes, based on historical evidence that, as it is 
difficult to dispose of a horse carcass in town, old horses were sold to the peasants. The 
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Figure  5-4 NISP (%) of the main domestic species excluding street material  
from the Schulstraße through time (compare with Figure 5-3). 
 
The large proportion of dog and cat bones in the Kirchstraße assemblage shows that sieving 
improves the visibility of these smaller mammals (Fig. 4-3). A total of 112 disarticulated dog 
bones were found at the different sites in Emden. Their proportion according to the NISP and 
MNI does not really differ through time. Dog keeping may have been more important at the 
Rosenstraße than at the Schulstraße as more than twice as many dog bones were found at the 
Rosenstraße. Dogs were probably used as guardians of property, as helpers managing flocks, 
for pulling small loads and as companions. Various laws regarding dog bites were known 
from England and suggest a certain fear of bites and the possible consequence: rabies 
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(SPENCER 2004, 19). Cats played an important role in controlling rodents and were probably 
kept as companions. The proportion of cats in the Emden material rises from 0.3% in the 9th-
11th century to 0.8% in the 12th-17th century. This slight rise in cats could nevertheless be 
related to the fact that in the later medieval period cereal growing became more important. 
Cats would have been needed to protect the crops by killing mice and rats. 
 
Wild mammals 
The only wild mammals found in the Emden assemblages which were hunted are: aurochs, 
bottlenose dolphin, red deer, wild boar and wolf. Aurochs probably lived in small numbers in 
the salt marsh. The latest evidence of aurochs in the terp area was found in the terp of 
Elisenhof (Germany), dating to the 8th-13th centuries as shown by the regional study 
conducted by PRUMMEL & HEINRICH (2005, 68). The find from Emden consists of a large 
piece of a rib dating to the 11th century. It was identified by several experts as being of 
aurochs because of its very large size. The finds of red deer in Emden represent only objects 
of antler and do not reflect animals that actually lived in the salt marshes and were hunted. 
Antler was clearly imported from more deer-rich regions further east and/or south. 
 
The find of a 13th century bottlenose dolphin vertebra with cut and chop marks indicates that 
this species was occasionally eaten. As the vertebra was from a subadult dolphin, it is possible 
that it derived from an animal that stranded and was subsequently butchered. Today, most 
juvenile bottlenose dolphins strand between May and September. However, it is also possible 
that the animal was sighted and seized in the harbour or on the river Ems. Stranded animals 
were normally claimed by the feudal elite. At least part of the carcass or part of the money 
raised by the sale of the carcass was taken by the count or duke (DE GROOTE 1999, cited in 
ERVYNCK 2004, 218). 
 
The identifications of some suid bones as wild boar and one large canid bone as wolf are 
uncertain as they were assigned to the wild counterparts based on size. Of these, the wild boar 
bones dating to the first half of the 13th century, are the least problematic as it is probable that 
wild boar roamed the forests of the nearby geest area. Crossbreeding of Emden domestic pig 
with wild boars seems to be unlikely as with a lack of forests it is unlikely that the Emden 
pigs were driven in to them to feed on acorns and beechnuts. Emden pigs were probably all 
kept inside the town and fed on waste: either mainly in pigsties or freely roaming the streets. 
So far no pigsties have been identified and no laws relating to the keeping of pigs have been 
found in the archives either (pers. comm. R. Uphoff). This means that wild boar was 
occasionally hunted by the inhabitants of Emden. 
 
Provenance Author n GL Dp SD BD 
Emden This thesis 1 207.0 53.2 18.1 42.9 
Subfossil Denmark Aaris-Sørensen 1977 8 or 9 201.0-230.0 52.0-58.5 15.4-17.4 39.7-46.5 
Recent Sweden Aaris-Sørensen 1977 6 208.0-233.0 53.9-61.6 15.0-18.0 44.0-52.2 
Figure  5-5 Measurements of wolf humeri.  
 
A large canid humerus from the 14th-16th century layer at the Kirchstraße is robust and has 
comparable dimensions to that of a small wolf (Figure  5-5). However, its late date makes 
identification as a large dog more likely. A large late medieval or post-medieval canid radius 
from Oldeboorn (Friesland, Netherlands) could also belong to a large dog rather than a small 
wolf (ZEILER 1988, 186-187). Large dogs are not uncommon during slightly earlier periods in 
the area and in rural settings as the recently uncovered find of a very large dog skeleton from 
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Jemgumkloster shows (BÄRENFÄNGER et al. 2008 and KÜCHELMANN 2008). Future DNA 
analysis could clarify the extinction of the wolf in this part of Europe (HORSBURGH 2008). 
 
Birds  
The remains of birds (n=197) were seldom found (Figs.: 2-3, 3-3 & 4-3). This has been 
aggravated by the chosen excavation technique and the lesser taphonomic resilience of these 
bones (KAUFMANN 1977, 144). It is unlikely that the townspeople did not exploit these 
resources given Emden’s location. The hand collected assemblage from the Kirchstraße 
contained a higher proportion (1.8%) of bird bones than the assemblages from the 
Rosenstraße and the Schulstraße (0.6%). This is due to the fact that collection was more 
thorough for the Kirchstraße (see chapter 4.9) and does thus not reflect social differences 
between the assemblages. Among all hand collected material bones of geese dominate, 
whereas in the sieved samples domestic fowl dominate. It is likely that domestic fowl was 
more common than goose in Emden as this was not only seen in the sieved material, but also 
in the carefully hand collected material from the 12th and 13th centuries found at the 
Kirchstraße. 
 
Bird species richness was largest for the Kirchstraße hand collected assemblage (12 species), 
Rosenstraße (7 species) and Schulstraße (6 species). This suggests a strong relationship 
between excavation technique and species richness as well as species proportions in the 
Emden material. Chicken and goose, however, were the only two species present in the 
Emden soil samples. This is likely due to the fact that most samples were taken from the same 
pit in which only chicken and goose bones were thrown. 
 
Although most skeletal elements were present for ducks and domestic fowl, no duck 
tarsometatarsi or carpometacarpi of domestic fowl were found in the Emden material. 
Phalanges of the feet and the wings were also absent. This is probably not only due to 
particular carcass dressing or culinary preferences as the analysis of an extensive collection of 
hand collected bird bones from Gorodishche (10th-11th century) and its successor Novgorod 
(10th-15th century) in Russia indicates. The difference in anatomical element representation 
between ducks and domestic fowl can be explained by the fact that ducks have comparatively 
small leg bones, whereas domestic fowl has a small carpometacarpus. Both are likely to be 
overlooked by hand collection (HAMILTON-DYER 2002, 101-102). 
 
Domestic fowl husbandry would have provided the people of Emden with eggs, meat, feathers 
and down. Cocks would have produced more meat and might have been used for fighting. In 
addition, bird manure is a very rich fertilizer (compare: Columella chapter 14 of the first book 
of the Re Rustica (AHRENS 1972, 94-95)) and chickens can also be used to pick off the bugs 
from the crops in a vegetable garden (LUFF 1993, 84-85). However, medieval law documents 
show that loose ducks and hens were a nuisance in the corn market and frequently invaded 
neighbour’s vegetable gardens (KEENE 1982, 26). Large number of fowls can be reared in a 
backyard if there is proper accommodation and plenty of plant material for them to forage in 
or for gathering (COY 1989, 32). Specialized breeds (e.g. egg or meat) were not developed 
until after the Middle Ages (BENECKE 1993).  
 
Geese were exploited for their meat, eggs and feathers as well as for their reputation as 
guardians, or for weeding and fighting (SERJEANTSON 2002, 39, 44). The birds were also 
valued as a source of fat and tallow (CAREY 1982, 266) and young ones are more palatable 
than old ones. Geese need land to graze on and are probably less suitable to keep in large 
numbers in the back garden, but undeveloped plots within the town or small fields in the less 
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densely populated suburbs would have sufficed. Although geese were fully domesticated, the 
praxis of collecting the eggs of wild geese to improve and enlarge existing stock means that 
wild and domesticated birds looked the same (BENECKE 2004, 185-186). Although, the 
observed difference in size of goose and greylag goose has only developed in the last two 
centuries (PRUMMEL & ZEILER 1993, 39), other differences in bone proportions do exist. 
PIEPER & HEINRICH (1986, 93 and 1995 65-67) were able to show that domesticated geese 
have more robust leg bones due to a more terrestrial lifestyle. The two complete humeri from 
Emden fell outside the diagram made for the Hedeby assemblages, indicating more robust 
wings. However, the only measurable tibiotarsus from Emden fell well within the 
domesticated range (HÜSTER PLOGMANN 2006, 105). It thus seems that both species were part 
of the diet in Emden. 
 
It is not clear if ducks were completely domesticated in the medieval period. Historical 
sources summarized in BENECKE (2004, 174) and ALBARELLA (2005a) are contradictory. In 
addition, the same identification problems as seen for goose hamper their identification in the 
zooarchaeological record. BENECKE (2004, 174) further postulates that as mallards were very 
widespread and easy to capture, there was no need for its keeping. Furthermore, interbreeding 
is likely to have occurred (O’CONNOR 1993b, 157). Mallards were probably not domesticated 
before the end of the medieval period or even the start of the post-medieval period. Their low 
numbers in the Emden assemblage as well as the absence of juveniles (PRUMMEL 2005, 353) 
is in line with this. It can thus be concluded that all Anas platyrhynchos bones belong to 
mallard rather than duck. 
 
The species represented among the wild bird bones recovered are: bean goose (Anser fabalis), 
greylag goose (Anser anser), goldeneye (Bucephala clangula), greater scaup (Aythya marila), 
mallard (Anas platyrhynchos), shelduck (Tadorna tadorna), teal (Anas crecca), tufted duck 
(Aythya fuligula), wigeon (Anas penelope), black-tailed godwit (Limosa limosa), white-tailed 
eagle (Haliaeetus albicilla) and thrushes (Turdidae sp.). Greater scaup and wigeon visit the 
Wadden Sea area in winter. The shelduck prefers river mouths, flat coasts and mud flat areas; 
landscapes found close to the town of Emden. Teal, tufted duck and goldeneye can al be 
found on the coast; teal and tufted duck can also be found on inland waters. The fragment of a 
left humerus of white-tailed eagle might derive from a bird caught for its feathers, which were 
used on arrows (PRILLOFF 1994, MÜLLER 1999, 336, KÜCHELMANN 2007, 13), although 
O’CONNOR (1993b, 158-159) argues that the white-tailed eagle was at most sites just an urban 
scavenger (see also 6.1). 
 
Fish3 
The hand collected fish bone assemblage from Emden consists of 88 pieces representing at 
least six species (Figures: 2-3, 3-3 & 4-3). It is not surprising that elements of the cod family 
dominate the hand collected assemblage as these are large fish (Figure  5-6). Within the cod 
family (Gadidae), which also includes haddock and blue whiting, the assemblage is 
dominated by cod. This indicates that haddock, which is similar in size, was less often eaten 
than cod in this part of the town. It is possible that cod was caught on the open North Sea, 
away from the tidal flat. However, the large size of the Emden remains makes an Atlantic 
origin more likely (HEINRICH 1987, 90). This would mean that these fish were not locally 
caught, but derive from stockfish (see also BENECKE 2003, 194)4 of a more distant origin.   
                                                 
3 Descriptions of fish species were taken from http://www.fishbase.org; a global information system on fishes. 
4 Stockfish is unsalted fish dried by sun and wind to improve its preservation. Klippfisk involves salting the fish. 
This did not become economically feasible before the 17th century when cheap salt from southern Europe 
became available in the fishing areas of northern Europe. 
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Since mainly elements of the head were found, the stockfish was only gutted and not 
decapitated5. Preserved fish, although from a far away origin, was probably regarded as bulk 
food (see below). The consumption of marine fish species increased abruptly around AD 1000 
in northwestern Europe (BARRETT, LOCKER & ROBERTS 2004, 623; BARRETT et al. 2008, 
851). This is also seen in the Emden material where the proportion of cod bones in the total 
assemblage increases from less than 0.1% in the 9th and 10th centuries to 0.4% afterwards. 
 













Figure  5-6 Species proportions (NISP) in the Emden hand collected fish assemblage. 
 
The premaxillae of garfish were found in a 12th century context at the Kirchstraße. The garfish 
can be caught in the Wadden Sea during spring and summer. They migrate to a place west of 
the British Isles in winter. Garfish is an important consumption fish. 
 
A single fragment of pike shows that this large endemic predatory freshwater fish was 
exploited by the people of Emden. As the pike can endure only slightly brackish water, it 
might have been caught several kilometres upstream in the Ems or in a local small stream or 
even in a town canal. 
 
The bone scutes of the sturgeon are quite resilient and large enough to be spotted during hand 
collection. They are usually found in sites near the mouth of a river where they spawn, hence 
the small numbers that were found in Emden. The sturgeon can reach a length of six metres, 
but were commonly between one and two and a half metres long when caught. The females 
are especially valued for their spawn. Sturgeons mature late and although they can become a 
hundred years old, mating starts late and the fish are fertile for only a few years, making the 
population vulnerable and regeneration slow (VAN DE GRAAF 2004). With the onset of the 19th 
century, when mating grounds were destroyed, rivers became polluted, sluices and other 
                                                 
5 However, BENECKE (2005, 144) states that both preservation processes involve decapitation and that thus the 
find of bones of the head indicates local fishing activities. See also BARRETT et al. (2008, 851). 
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obstacles built into the rivers, the decline of the species, which had started with the building 

























Figure  5-7 Species proportions (NISP) in the Emden sieved fish assemblage. 
 
6The sieved material (Figure 4-26 and Figure  5-7) from Emden is dominated by flatfishes.  
Most skeletal elements of flounder, plaice and dab are morphologically very similar, but the 
os anale is species characteristic. The remains of flounder, plaice and dab are distinguishable 
from other members of the flatfish family. These three flatfish species live in the Wadden Sea. 
The flounder lives in the lower reaches of rivers and is quite tolerant of fresh water (HEINRICH 
2006b, 185). Although nowadays flatfishes can be caught in the Dollard, this bay had not 
formed until the late medieval period7. The map of sunken settlements in the Dollard estuary 
drawn by Ubbo Emmius in 1630 based on the research by Jacob van der Meersch in 1574, 
shows that Emden lies considerably “upstream” the Ems (Figure  5-8). This means that the 
remains of plaice and/or dab found in the Emden material were likely caught out on the 
Wadden Sea. In their survey of the zooarchaeological remains found on sites in the Wadden 
Sea area, PRUMMEL & HEINRICH (2005, 63-64) found that flatfishes were the most abundant 
species among the fish remains. 
 
A quarter of all sieved fish remains found at Emden could be attributed to eel. It is likely that 
the eels found in Emden were caught in the Ems and in tidal creeks. Eels were commonly 
caught in wicker fish traps between March and October in historical times. Since eels can 
survive in fish tanks, transport over longer distances was possible. The vertebrae of herring 
and smelt are almost indistinguishable and thus mix-categories of these species are often 
found in faunal lists. With 16%, they form the third largest group in the Emden sieved 
material. 
 
                                                 
6 In this case: flounder, plaice and/or dab. 
7 The eastern part formed c 1415 and the western part somewhat later around 1465 (KNOTTNERUS in prep.). 
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Figure  5-8 Map of the Dollard region by Ubbo Emmius (1547-1625). 
 
Cyprinid vertebrae were recovered from a 13th century context at the Kirchstraße. Species of 
the carp family are valued as consumption fishes. These freshwater species were probably 
caught in the river Ems. Another important consumption freshwater fish is the perch. In their 
research report on the fauna of the Lower Ems, the Landesfischereiverband Weser-Ems e.V. 
(2003) caught the following carp fishes: carp, carp bream, ide, roach, rudd, silver bream, 
tench and zope. Perch was also caught in this part of the river Ems. 
 
The two fragments identified as short-spined bullhead are likely to have been by-catch 
(SCHMÖLCKE & HEINRICH 2006, 230) from fishing activities in the Ems estuary or the 
Wadden Sea/North Sea. This species is not regarded as a commercial consumption fish. 
Another likely by-catch is the three-spined stickleback. Although its consumption cannot be 
excluded, it is unlikely that this small species (c 10 cm) had any commercial value (see also 
BRINKHUIZEN 2006, 462-463). It is possible that the stickleback remains derive from the gut 
of a predatory fish like the pike. Although both species were probably not intended for human 





Only a few fragments of mollusc shells were found in the hand collected material. They 
belonged to mussel, common cockle and Acanthocardia sp. The soil samples from the 
Kirchstraße (Figure 4-26) contained many fragments of common cockle and mussel, as well 
as some fragments of the Moroccan cockle (fossil) and periwinkle. It cannot be stated with 
certainty that the recovered fragments of molluscs were kitchen refuse. The situation of 
Emden near the Wadden Sea makes it possible that these molluscs were part of the natural 
soil. However, the fact that apart from one species found, all were edible ones points to them 
being kitchen refuse. The situation of Emden near the tidal flat makes it likely that the 
townsfolk exploited these shellfish. Not surprisingly, mussel and cockle feature frequently in 
assemblages from other coastal sites (PRUMMEL & HEINRICH 2005, 68). 
 
5.1.2  Body-part frequency 
 
The analysis of body-part frequency in assemblages from complex urban societies has the 
potential to inform on stages of butchery or the consumption of specific body-parts 
(O’CONNOR 1993a, 63). The likely first stage in the carcass reduction process that produces 
waste is the ‘trimming’ of the carcass by the butcher, resulting in a more or less complete 
carcass and a pile of skin, horns, tail, head, feet and entrails (primary butchery waste). It is 
likely that the skin, horns and bones that make useful raw materials (metapodials and to a 
lesser extent the mandibles of cattle) are taken from the primary butchery site to be processed 
elsewhere. It is very well possible that the tanner got his skins with part of the skull and the 
feet attached to them for easy identification. The bone worker in his turn would receive the 
horn cores and metapodials from the tanner. 
 
The second stage of major waste will be when the butcher portions the carcass further. This 
waste assemblage is likely to be picked for useful raw material for the bone worker as well. 
The final stages of carcass reduction take place when the meat is prepared and subsequently  
eaten. This creates an assemblage of bones that hitherto were left in the meat but are put aside 
during cooking and eating dinner (i.e. ribs and vertebrae as well as bird bones). The waste of 
the last two stages is referred to as kitchen refuse. The above described reduction process was 
probably not as rigid and the different waste assemblages are likely to have been mixed as all 
waste was likely to end on the streets or in dumps eventually. 
 
Analysis of the degree of fragmentation of the Emden material showed that cattle bones are 
more fragmented than the bones of sheep or pig (Figures: 2-9, 3-9 & 4-7). This is a direct 
result of the size of the different animals and the portions of meat consumed by the people. 
The fact that the degree of fragmentation is quite similar on all three excavations indicates 
that human behaviour which formed these assemblages as well as the taphonomic processes 
acting on the sites were probably similar. 
 
Cattle, sheep/goat and pig 
Figure  5-9 compares body part frequencies between the three excavations. When looking at 
the graphs the following should be taken into account: 
 
- ribs and vertebrae are serial elements in the body 
- the skull is less resilient and is likely to fragment 
















































































































































































































































































Figure  5-9 NISP (%) per skeletal element per species for the three excavations. 
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The later can be powerfully illustrated when the skeletal elements of sheep/goat found in the 
hand collected assemblage and the sieved assemblage from Hedeby Harbour are compared. 
Figure  5-10 shows that horn cores (pc), scapulae (sc) and metapodials (mc and mt) have a 
very good recovery chance in hand collected material. Still high chances of recovery have 
cranial elements (cran), mandibulae (man), humeri (hum), radii (rad), ulnae (uln), pelves 
(pel), femora (fem), tibiae (tib) and calcanei (cal). Poor recovery chances in hand collected 
material are seen for hyoid (hyo), carpals (car), tarsals (tar), phalanx II & III (phII and phIII) 
and ossa sesamoid (ses). On the other hand, it is possible that the carpals, tarsals and 
phalanges stayed attached to the skin and that the skins were processed elsewhere. 
Furthermore, dogs frequently ingest these smaller bones (BINFORD 1981, 74). 
 
Sheep/Goat Hand Collected versus Sieved Material


























Figure  5-10 Recovery chance of different skeletal elements of sheep/goat in hand collected (black) and  
sieved material (grey) from Hedeby Harbour (based on table 3 in SCHMÖLCKE & HEINRICH 2006, 203). 
 
The distribution of cattle bones shows a remarkable similarity between all three excavations 
and this signals that the use of the cattle carcass and the taphonomic processes involved were 
the same for these sites (Figure  5-9). In the fore leg there was an approximate one to one 
humerus to radius fragment ratio. The number of scapula fragments is slightly higher as their 
blade is especially prone to fragmentation into pieces that are still recognizable. Similarly, the 
number of ulna fragments is lower as with advanced age its diaphysis fuses with the radius 
and was thus counted as radius. The elements of the hind legs are slightly better preserved, as 
its elements are more resilient. It can be seen that for each pelvis fragment there were 
approximately one femur and one tibia fragment. Taking both limbs together, it can be stated 
that no particular body-part was traded and thus it is likely that whole cattle carcasses were 
processed locally. 
 
Analogous to HÜSTER PLOGMANN’s (2006, 60-67) approach with the Hedeby Harbour 
assemblage, the different parts of the cattle carcass found in Emden were assigned to Meat 
Value Groups. Meat value group A, the prime meat cuts, comprises of the scapula, humerus, 
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pelvis, femur and the thoracic and lumbal vertebrae. Meat value group B, the sources of 
secondary meat, comprises of the cervical vertebrae, radius, ulna, tibia and fibula. Cranium 
and mandibles form the head and the (meta)carpals, (meta)tarsals and phalanges form the 
lower extremities. Since no differences in element representation were seen between the three 
Emden excavations (see above) they were combined. Compared with the modern cattle 
reference skeleton used by HÜSTER PLOGMANN (2006, Abb. 25), the Emden material is 
strongly dominated by heads. Bones representing the lower extremities are slightly 
overrepresented as well. On the contrary, prime meat elements are underrepresented and the 
level of sources of secondary meat is quite comparable to the reference cow skeleton. Based 










Head Trunk Front limb Hind limb Feet
%
Complete Cattle Skeleton Rostock Rosenstraße and Schulstraße Kirchstraße
 
Figure  5-11 Cattle body-part representation according to Bone Weight for Rostock and Emden 
(after BENECKE 2005, 123). 
 
Another example of the use of body part representation comes from Rostock where BENECKE 
(2005, 123) showed that the monks of the Franciscan cloister of St. Catherine were given 
butchered meat cuts in the second half of the 14th century. A comparison of the weight of the 
different body parts with the weight of a known cattle skeleton showed that in Rostock mainly 
parts of the trunk and the hind limb were consumed. Heads and feet did not normally reach 
this consumption site. In Emden we see a pattern which is broadly comparable with the 
weight of the cattle skeleton, albeit that the head is better represented (Figure  5-11). This 
pattern was not due to the excavation technique applied at the sites excavated in the 1950s as 
the Kirchstraße assemblage shows the same pattern. Again, this method shows that whole 
cattle carcasses were processed at the site and no specific body-parts were traded off the site. 
 
Looking at the sheep and pig distribution (Figure  5-9), it becomes clear that the patterns of the 
three excavations differ in respect to the number of rib fragments. These numbers are much 
higher for the Kirchstraße assemblage than for the two earlier excavated assemblages. Small 
elements like carpals, tarsals, phalanges and pig metapodia are also found more frequently in 
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the assemblage recovered from the Kirchstraße. The more careful excavation technique 
practiced at the Kirchstraße clearly increased their recovery changes. The overrepresentation 
of mandibles and the better representation of the tibia is a common characteristic of sheep and 
pig bone assemblages. As it occurs in assemblages of different origin (both time and place), it 
is likely that it is not only a result of human interaction alone, but has a taphonomic 
component as well. 
 
Assigning meat value groups to the sheep and pig assemblage shows that heads are again 
strongly overrepresented, lower extremities slightly underrepresented and both types of meat 
cuts strongly underrepresented. The combined results for cattle, sheep and pig thus are: heads 
strongly overrepresented; cattle feet overrepresented and (prime) meat cuts generally 
underrepresented. This means that butchery waste dominates the Emden assemblage. 
Contrary, the Hedeby Harbour material follows the reference curves more closely. However, 
cattle feet, sheep heads and pig meat cuts are (slightly) overrepresented. HÜSTER PLOGMANN’s 
(2006, 63 and 65) conclusion that prime meat cuts are overrepresented in the Hedeby Harbour 
material is only valid for pig and is not seen in the graphs she has published for cattle and 
sheep/goat. Different results were seen for the medieval material from Hedeby’s successor 
Schleswig. The presence of both butchery waste and kitchen refuse at the Schild site in 
Schleswig indicates that a part of the animals were butchered near the site (HÜSTER 1990, 
110-111). This is confirmed by a charter from c 1200 AD confirming the right of the 
inhabitants to butcher livestock themselves without being obliged to use the services of a 
member of the butchers’ guild. 
 
All three methods used for the analysis of body-part frequency showed an overrepresentation 
of the head in the Emden animal bone material. This is caused by a high number of complete 
and almost complete mandibles. Complete craniums were not found due to the fragility of this 
element. As to what caused the accumulation of mandibles in this part of Emden, several 
arguments have been given in the site specific chapters: mandibles are more easily recognised 
in the field and during analysis, mandibles hardly get damaged during butchery and/or 
mandibles are more resilient than other parts of the body. If we assume that the total bone 
assemblage in this part of Emden contained a high proportion of primary butchery waste 
(heads, lower extremities and probably the spinal column), the mandibles would be the most 
resilient to scavenging and other taphonomic factors. This could lead to the mandibles 
enriching the total assemblage which also contained secondary butchery waste/kitchen refuse. 
 
Two processes, which do not exclude one another, could have been responsible for this. On 
the one hand primary butchery waste could have been dumped at the site where the mandibles 
enriched the original assemblage of balanced butchery and kitchen waste. Or animals that 
were butchered at these sites were transported off as dressed carcasses leaving the primary 
butchery waste behind. Either way, it was clearly not customary to transport skins to the 
tanner with the head still attached (contrary to the hooves). It is unlikely that the mandibles 
are the leftovers of these skins and that the areas contained tanneries, since no other evidence 
supporting the existence of tanneries on the sites was found. Typical tannery sites contain 
large quantities of wooden containers, stained soil and were usually situated near a stream, 
often on the outskirts of town (see also 5.2.3.2). 
 
It can thus be concluded from the above analysis that cattle, sheep/goat and pig were killed 
and butchered at the sites described in this thesis. The bones of some meat cuts did not end up 

























Figure  5-12 Skeletal element representation based on NISP for mallard, goose and chicken. 
 
Dog & Cat 
Most dog and cat bones found in the Emden assemblage probably originate from disturbed 
complete skeletons or complete skeletons that were not recognised and hence not recorded as 
such. Cats are mainly represented by their femur, tibia and humerus. As these large robust 
bones also prevail in the cat assemblages from Hedeby and Schleswig (SPAHN 1986, 46; 
HÜSTER PLOGMANN 2006, 90), it is likely that this pattern has a taphonomic background. 
 
Poultry 
The distribution of the skeletal elements shows that complete birds were butchered and 
consumed on the site as most elements were present (Figure  5-12). Since bird meat is prone to 
salmonella8, it is likely that birds were kept in the backyard or bought alive and slaughtered at 
home. This would explain why even the bird’s heads were found in the waste material near 
the houses. Differences in skeletal element distribution are seen between the species. These 
might be due to the small samples as only 84 chicken, 81 goose and 19 mallard bones were 
found. Furthermore, some bones, such as humerus, ulna, femur and tibiotarsus, are more 
resilient to taphonomic processes. Nevertheless, the dominance of goose wing bones over the 
leg bones could be due to the use of the feathers of the goose wing as a source of writing 
quills. Similarly, the dominance of chicken wings (humerus) and drumsticks (tibiotarsus) 
could be due to consumption and subsequent deposition practices. 
 
 
                                                 
8 Dr Christos Yapijakis, a clinical and molecular geneticist at the Medical School of the University of Athens, 
“sees no reason why salmonella food poisoning should not have happened in northern Europe as well, as there 
was travelling of merchants and other people from the Mediterranean countries to central and northern Europe 
during the Middle Ages” (email 17-03-08). 
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5.1.3  Herd structure and management 
 
Cattle 
Slight differences between the excavations on the outcomes of the analysis of tooth eruption 
and epiphyseal fusion in cattle are attributed to small sample size and differences in excavaton 
technique. Combining the results of the analysis of cattle tooth eruption and epiphyseal fusion 
of the three sites shows a trend in time. According to the tooth eruption and wear data, the 
material from the 9th-11th centuries shows a lower percentage of animals killed below the age 
of young adult (>36 months) than the material from the 12th-13th centuries and the material 
from the 14th-17th centuries (Figure  5-13). However, the epiphyseal fusion data shows that a 
higher percentage of animals reached an age of over five years in the 12th-13th and 14th-17th 
centuries than in the 9th-11th centuries (Figure  5-14). This means that if the material found in 
this part of Emden reflects the husbandry strategy of the surrounding area and not solely the 
consumption preferences of the people living in this part of Emden, this strategy was more 
focussed on prime meat animals (those killed between 3.5/4 and 5 years) in the 9th-11th 
centuries than in the 12th-13th and 14th-17th centuries. In accordance with O’CONNOR (1989, 
17), this would mean that the majority of cattle from the later periods was obtained from 
mixed farms as stock surplus or retired from the plough team or dairy production. Only here 
senile cattle have been demonstrated. 
 


























Figure  5-13 Emden cattle dental age per period. 
 
Period 0-24 months 0-24/24-36 months 24-36/42-48 months 42-48/60 months >60 months 
Emden 9th-11th c 8 8 17 26 41 
Emden 12th-13th c 13 10 11 8 58 
Emden 14th-17th c 19 8 17 1 55 
Figure  5-14 Epiphyseal fusion data (%) Emden cattle. 
 
The prime meat strategy of the 9th-11th centuries changed in the 12th-13th and 14th-17th 
centuries when more calves were killed and more animals of over five years (Figure 5-14). 
The calves were probably killed as part of a milk regime to save as much milk for human 
consumption as possible. For the 9th-11th and 12th-13th centuries the majority of the calves 
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were killed at an age below three months according to tooth eruption. A modern calf of a meat 
breed weighs about 50 kg at birth and about 110 kg when aged three months (EVERS et al. 
2005, 45). The higher proportion of cattle killed at an age of more than five years reflects the 
consumption of old milk cows, breeding bulls and possibly oxen. Although some meat would 
have had a better quality (veal steak), the majority would have been less so and would have 
needed prolonged cooking. Thus these high percentages of calves had probably nothing to do 
with “luxury” as stated by REICHSTEIN & TIESSEN (1974, 24: Hedeby 1963-64) or HÜSTER-
PLOGMANN (2006, 41: Hedeby Harbour). It is however possible that calf skin was highly 
valued in the leatherworking industry. 
 
In England, the increase of calf bones is first seen in the 15th/16th century. ALBARELLA 
(1997b, 22) links this to the possibility that cattle are no longer the primary source of traction 
due to a shift to horse power. Henceforward, cattle would have been mainly bred for milk and 
meat. Since the horse collar was known in this part of Europe by the 11th/12th century, a 
similar explanation could be valid for Emden. However, if the few horse bones (0.2%) found 
in the assemblage reflects the importance of horses as suppliers of horse power, the above 
explanation is invalid. It is however possible that horses were not consumed by humans after 
their useful lives had ended. In that case their bones did not end up with the other butchery 
and kitchen waste. 
 
The presence of foetal calf bones proves that the townspeople were (partly) involved in cattle 
breeding. In general, meat of foetuses is not eaten, but discarded. This means that animal 
keeping on the spot can be proven by the presence of foetal bones in a normal bone 
assemblage (REICHSTEIN 1994, 448; ALBARELLA 2005b, 141). As calves are usually born in 
spring and most foetal remains derive from older foetuses, this means that miscarriages 
occurred at the end of winter when fodder was sparse. When a cow is in calf and she does not 
get enough nutritious fodder, a miscarriage can occur. Until recently, at the end of winter 
when fodder became sparse and the farmer was mixing it with less nutritious bark, 
miscarriages were the result (pers. comm. R. Uphoff, Emden archive). 
 
Apart from age, sex is also important in understanding herd management. Due to a limited 
dataset, the cattle horn core circumference measurements of all periods and sites were 
combined. Figure  5-15 shows bimodality, the separation between the sexes is at about 170 
mm. This results in a sex ratio of 3.5 adult cows per adult bull/oxen. No preference existed for 
the larger horn sheets of cores of bulls/oxen as a raw material since 56% of the horn cores 
with a circumference of less than 170 mm have utilisation marks compared to 39% of the 
horn cores with a circumference of more than 170 mm. 
 
As overall numbers of complete distal cattle metacarpi are small, dividing the dataset into 
chronological subsets does not seem justified. The combined metacarpal distal width data for 
cattle shows clear bimodality (Figure  5-16). The left peak represents the females and the right 
peak represents the males9. Both bulls and oxen are represented by the right peak as castration 
does not influence width measurements. It is clear that some overlap between the two sexes 
occurs. If we separate the two groups between 65 and 66 mm, the sex ratio is approximately 
                                                 
9 The above observed bimodality does not have to be sex-related as two different breeds probably would produce 
the same pattern. However, it is believed that breeds in the modern sense were not established until the post-
medieval period (CLASON 1984). As only a small proportion of the Emden material falls within the 14th-17th 
century, the cattle in the Emden catchment area were thus of the same type. Furthermore, the results of 
osteometric sexing of cattle metacarpi from a small sample (n=26) from 13th century AD urban Skara, Sweden 
were 100% confirmed by DNA analysis (SVENSON et al. 2008). 
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one adult bull/oxen per four adult cows. However, the lack of adult male metapodials might 
not only be the result of husbandry strategy (killing of superfluous bulls). The larger 
metapodials of adult males are likely underrepresented as they were more suitable as raw 
material for the bone workers. This is indicated by the fact that seven of the sawn-off distal 

















Figure  5-15 Cattle basal horn core circumference. 
 
















Figure  5-16 Histogram of the distal width (Bd) of cattle metacarpi. 
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An attempt was made to identify oxen within the male cattle group based on the greatest 
length and the distal width of the metacarpus. Depending on the time of castration, differences 
in bone proportions might show. In Figure  5-17, females are separated from males based on 
distal width (Bd; see also Figure  5-16). Bulls are separated from oxen based on the greatest 
length (GL) as oxen have longer metacarpi due to castration. The latter results in the 
identification of two oxen in the 13th century. However, the database of complete metacarpi is 




































Figure  5-17 Cattle metacarpi plotted for GL and Bd. 
 
Besides the difficulty of correctly identifying oxen, the whole concept of keeping an animal 
solely for traction and fattening needs some attention. Pigs were likely the only animals kept 
solely for fattening in Emden. They have the additional practicality that they will eat almost 
everything. The only animal kept mainly for riding and traction (and possibly for food) was 
the horse. Its low numbers indicates that there was little use for such a highly specialised 
animal in medieval Emden (although it cannot be excluded that the dead horses where 
disposed of somewhere else, see above). Analogous to this, the highly specialised oxen which 
could only be used for traction and ultimately for fattening (and their skins), were of equally 
restricted use. The famous ploughing scene in the Luttrell Psalter shows two people ploughing 
with a span of four cattle10. All four are horned and two are clearly male and probably oxen 
since no scrota are depicted. This particular psalter was commissioned by the Knight Luttrell 
(1276-1345) who lived in Lincolnshire. The scenes in the psalter probably depicted rural life 
as he knew it and as it was experienced on his estate. The use of specialised oxen for traction 
might well be characteristic of larger estates. It is likely that Emden was surrounded by 
smaller farms that had no particular use for oxen. Even today, in the absence of tractors, cows 
are preferred to oxen as beasts of burden as they are more versatile (JOHANNSEN 2005, 47). It 
                                                 
10 http://www.bl.uk/onlinegallery/sacredtexts/ttpbooks.html. Accessed on 29-12-07. 
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is possible that older breeding bulls were castrated and fattened and used for ploughing, but 
they show up as bulls rather than oxen by the methods applied. 
 
Summarising the results of the ageing and sexing of the cattle remains indicates that the 
husbandry strategy practiced in and around Emden involved a high proportion of adult cows. 
It is likely that the high proportion of calves killed were mainly the unwanted males since at 
birth the sex ratio is 1:1 and the sex ratio of the adult population was four cows for every 
bull/oxen. It is likely that the cows were used as a combined meat and dairy herd as well as 
for pulling carts and ploughs. For the last purpose some oxen were kept as well. 
 
Sheep 
The view of SPENCER (2004, 19), that sheep were valued for wool, milk, dung, skin and horn, 
and that only old sheep who gave no more milk and whose wool was now below standard 
were slaughtered for meat, differs widely from the pattern seen for medieval Emden. Between 
38%-62% of the sheep die within their first eight months and only between 19%-45% of the 
sheep reach maturity (Figure  5-18). In modern sheep breeds raised for meat c 19% of the 
animals are killed at c 6-7 months. The lambs weigh c 40 kg at this stage (DE BOER et al. 
1996, 6-8). The majority of the lambs that die nowadays, die before birth (foetuses) or up to 
14 days after birth (12.1%, DE BOER 1997, 30-32). The latter group is hardly represented in 
the Emden material. This might be due to the lack of resilience of these bones, or to the fact 
that lambing took place away from town where naturally occurring dead would remain. 
 

























Figure  5-18 Emden sheep dental age per period. 
 
The majority of the Emden lambs were slaughtered at an age between four and eight months 
(M1 has erupted and starts to wear; Figure  5-18). In all three periods the percentage of lambs 
killed (38%-62%) is much higher than the modern figure of 19%. According to RYDER (1984, 
23) the main function of sheep in the early medieval period was to provide milk to make 
cheese for winter food. Wool, manure and meat, in order of importance, were by-products. 
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However, the age at which most of the Emden sheep were killed (4-8 months) seems a bit too 
late to be able to save much of the ewe’s milk. 
 
The material from the 12th-13th centuries in particular, indicates a killing regime which 
favoured the meat of lambs (and sheep milk). It is likely that younger lambs are 
underrepresented because their bones are smaller and less resilient. The more careful hand 
collection which took place at the Kirchstraße excavation (the bulk of the 14th-17th centuries 
material) shows that the percentage of lambs aged three months is 10.5% compared to 3.3% in 
the 12th-13th centuries. 
 
Since mandibles are quite resilient and often better represented for the younger age groups 
than the post-cranial elements, it is no surprise that the high percentage of lambs does not 
show up quite as markedly in the epiphyseal fusion data (Figure  5-19). The age of the 
slaughtered lambs seems to have gone up somewhat from 4-8 months to between 0-10 and  
15-24 months. However, the patterns seen for both data sets (i.e. tooth eruption and fusion) 
are similar. The proportion of lambs in the assemblage is higher for the 12th-13th and the 14th-
17th centuries. Correspondingly, more sheep reached an age of more than four or five years in 
the 9th-11th centuries. 
 
Period 0-10 months 0-10/15-24 months 15-24/36-42 months 36-42/48-60 months >48-60 months 
Emden 9th-11th c 5 26 22 17 30 
Emden 12th-13th c 11 48 19 2211 - 
Emden 14th-17th c 12 24 10 35 19 
Figure  5-19 Epiphyseal fusion data (%) Emden sheep. 
 
12Around AD 1100  thus a change in sheep consumption patterns took place in this part of 
Emden. Before the 12th century, the sheep were killed at younger ages. In the 12th-13th 
centuries, more lambs in the age group 4-8 months are butchered. There must have been large 
sheep herds in the vicinity of Emden to support the extraction of so many lambs. It is possible 
that a lot of these lambs were rams that were not needed for reproduction. And although 
wethers have a finer type of wool, specialised wether herds are probably a more modern 
invention. As the animals were young when slaughtered, sexing of the bones was impossible. 
The older animals in the herds probably produced manure and wool. Those older animals 
were slaughtered and eaten at the end of their productive live. Their meat (mutton) would 
have had a pronounced taste and it is likely that rams were castrated and fattened at the end of 
their productive life to make the meat more palatable. Sexing of the pelves of the older 
animals seems to indicate that the herds were dominated by ewes. The observed change in the 
proportions of lambs and adult animals from the earliest period in Emden to the later periods 
can be explained in different ways. 
 
The first explanation is based on the assumption that the assemblage is a true reflection of the 
husbandry strategy practiced in and around Emden. This means that in the 9th-11th centuries 
the husbandry strategy was hardly specialised with 39% of the animals living beyond the age 
                                                 
11 >36-42 months. 
12 The transition from sheep husbandry for dairy products and wool to primary meat production seems to have 
taken place around slightly earlier (AD 1000) at the Schulstraße. This observed difference might in fact not be a 
real difference. It is highly unlikely that such an important change, and with it the impact that it would have had 
on the sheep herds around Emden, takes place some 100 years later only a block of houses away. It is more 
likely that this difference was in fact caused by the excavation technique. The assignment of artificial layers to 
occupation layers is after all an arbitrary choice. 
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of 24 months, high lamb mortality and many ages present. Some animals were killed around 
two years of age when their qualities would have been known and they would have reached 
maximum meat yield. These herds were probably kept for their milk, manure and wool; meat 
was of secondary importance. When the numbers of killed lambs rose in the 12th-13th 
centuries, this means that the husbandry strategy changed. Killing a high proportion of (male) 
lambs is associated with a husbandry regime based on milk production. However, the 
advanced age of the lambs (4-8 months) makes it unlikely that much milk was saved as these 
animals would have been weaned already and meat production seems to be a more likely aim. 
In the 14th-17th centuries, specialised sheep herds for wool and milk production were present. 
Some animals were still kept in the town as the bones of foetuses show. 
 
The second explanation is based on the assumption that only the assemblage from the 9th-11th 
centuries reflects the husbandry strategy employed in and around Emden. This would mean 
that the influx of lambs in the assemblage is due to the fact that more lambs were obtained 
and eaten in this part of Emden. The older animals were consumed mainly at other sites. 
Since lamb is preferred to mutton, this would reflect the presumed prosperity of the 
inhabitants of this part of Emden. This is confirmed by the high percentage of imported 
ceramics (STILKE 1995, 127), as well as the find of a relic shrine (see below) and a piece of 
samit (silk based textile; see chapter 4.9). All three excavations are situated only a short 
distance from the church and the centre of the town (see Figure 1-2). A combination of both 
scenarios is also possible. 
 
Pig 
Since pigs do not provide humans with milk, wool or traction, the husbandry strategy 
employed is targeted on meat yield. Pigs reach their optimum meat yield around two years. It 
is likely that pigs were kept inside Emden town as these animals convert waste into meat. In 
addition, many medieval town archives hold documents relating to pig keeping and breeding. 
No such documents are known for Emden. Whilst pig breeding might be detectable in the 
bone assemblage by analysing the proportion of piglets and the sex of the remains, pig 
keeping (fattening bought piglets) is not. Furthermore, the traditional picture of killing pigs in 
December after they had been masted in the forest during October and November (ERVYNCK 
1997, 67) is not valid for Emden as forests are not to be found in the coastal marsh. 
 
On modern farms, pig mortality is high in the first six months: c 16%. The majority (13%) die 
in the first month after birth. Of these, most piglets die in the first few weeks mainly due to 
being squashed by the sow (a situation less likely for medieval Emden as pigs were not kept 
in box stables). Today, piglets destined for the meat market are slaughtered when they are 
between 5-6 months old (BINNENDIJK et al. 2007, 4). Organically raised pigs are slaughtered a 
little later at 6.5-7 months. 
 
Remains of pigs younger than 4-6 months were not found in Emden. This might be due to the 
employed excavation technique. However, it seems that foetal/neonate remains from pig and 
horse are generally lacking from terp excavations (were bone preservation is excellent) 
whereas foetal/neonate remains from cattle and to a lesser extent sheep/goat are found13. In 
addition, only small proportions of very young sheep/goat and pigs are found whereas cattle 
below c 6 months are well represented. This might mean that natural deaths occurred more in 
cattle then in sheep/goat and pig or it means that cattle were kept for milk and sheep/goat (and 
pig) mainly for meat as the killing of neonates is linked to dairy production. A different 
                                                 
13 See for instance the Early and Middle Iron Age material from the terp Wommels-Stapert (WOLTINGE & 
PRUMMEL 2005). 
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explanation comes from MULVILLE et al. (2005, 176) who concluded that the low percentage 
of foetal/neonate sheep compared to cattle must be a result of sheep breeding away from the 
settlement. On the other hand, it might be that foetal/neonate death sheep/goat and pig were 
treated differently as REICHSTEIN (1994) writes that their remains are mainly found in wells 
and cess pits. The latter were not present in the excavated areas. A difference in chance of 
survival cannot explain the absence of foetal/neonate horse remains in the Emden assemblage 
as foetal cattle bones were found. Here the explanation offered for sheep by MULVILLE, 
namely out-of-town horse breeding, is likely. 
 
Period n First year Second year >Two years 
Emden 9th-11th c 78 10% 65% 24% 
Emden 12th-13th c 125 26% 50% 25% 
Emden 14th-17th c 46 4% 76% 20% 
Figure  5-20 Tooth eruption data of pig for Emden. 
 
The chronological trend observed in the age at death of pig shows that as the number of 
animals slaughtered at more than two years old stays more or less constant, there seems to be 
a difference in the proportions of animals slaughtered in their first and second year (Figure 
 5-20). In the earlier material (9th-11th centuries) and the later material (14th-17th centuries) the 
proportion of pigs that die in their first year is quite low. The proportion of pigs killed in their 
second year is quite high. In the 12th-13th centuries, this trend reverses resulting in a higher 
proportion of piglets being slaughtered earlier. This might indicate a higher demand for tastier 
meat in this part of Emden. 
 
Varro (cited by BENECKE et al. 2003, 72) says that the Romans used sows for breeding from 
20 months up to 7 years. According to Columella (book 7 chapter 9; AHRENS 1972, 238) a 
boar can serve at the age of 6-12 months until it is four years of age. Sows can be served twice 
a year from the age of one year until the age of seven. MÜLLER (1973, 436) states that it was 
customary in the 19th century country side to use sows with an age of 2 to 8 years and boars 
until 4 years for breeding. The Roman and Medieval literature summarized by LAUWERIER 
(1983, 484-486) indicates that sows farrowing twice a year were the norm. However, 
ERVYNCK (1997) and ERVYNCK & DOBNEY (2002) using detailed recording of tooth wear and 
the linear enamel hypoplasia method on bone assemblages from Belgium and England, could 
only demonstrate this for one Roman ritual deposit. Taken the above into account, most of the 
pigs in Emden were never or only once used for breeding and it is likely that piglets were 
born roughly in March and September but could be born all year round with the exception of 
winter. 
 
As hardly any of the pigs reached full maturity and were below required breeding age 
according to historical sources, the townspeople did not breed pigs on a large scale. Maybe 
they bought a one or two year old pig on the market before winter’s start. The animal was 
slaughtered and the skin, meat, hair and bones were used. It is also probable that a piglet was 
bought and brought up in the back yard fed on kitchen refuse. This is more economical as you 
do not have to pay the farmer for the up-bringing. In addition, kitchen refuse was abundant 
and had to be disposed of somehow. 
 
Horse 
As fused and unfused horse bones were found, animals of all ages were present. The youngest 
horse is indicated by an unfused metatarsus (<12-15 months). The only mandible found 
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indicates a horse below the age of eleven years. None of the bones were suitable to determine 
the sex of the horse. 
 
Dog & Cat 
Dogs reach full adult dentition after approximately six to twelve months (HABERMEHL 1975). 
Of the 18 ageable dog crania and mandibles in the Emden assemblage, 14 had full dentition 
and one of these showed severe wear indicating an old animal. Of the four juvenile jaws, one 
belonged to a dog below 4-5 months, one to a dog of c 4-5 months, one to a dog of c 5-6 
months and one to a dog of c 6-12 months. Of the 42 ageable long bones, seven (17%) 
certainly derived from skeletally immature dogs. No sexing data was obtained from the dog 
bone assemblage. 
 
Forty-five percent of the Emden cat bones came from cats aged below one year. Since cats are 
mainly born in May, it seems that many of them did not survive their first winter. It seems 
likely that this proportion would have been lower if cats had full pet status. As cat bones 
express sexual dimorphism, the lengths of femur and tibia14 were plotted (Figure  5-21). 
Bimodality can be assumed. The charts show that the adult cat population of Emden had 
possibly slightly more females than males. Thus, more males died or were killed while still 
immature. 
 













Figure  5-21 Sexual dimorphism in the adult cat bones from medieval Emden. 
 
Poultry 
Among the domestic fowl remains found in Emden were ten (12%) bones with immature 
proximal and distal ends and with the porous bone structure of juvenile birds. Contrary to 
chicken, only one bone from a juvenile bird was identified from the goose assemblage. As this 
bone is dated to the 13th-19th century, it might be quite modern. 
                                                 
14 In cats, the tibia is longer than the femur. 
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Figure  5-22 Total length of domestic fowl tarsometarsi. The metatarsi on the right presented a spur. 
 
Sexing domestic fowl can be done on size differences and on the presence of a spur or spur 
scar on the tarsometatarsi indicating a rooster. The last however, is not watertight. Male 
tarsometatarsi may not show any signs of a spur, such as a socket primordium, even when the 
bone is mature as the spur attaches later to the shaft than the epiphysis (SADLER 1990, 41). 
Furthermore, elderly hens might develop a spur as well and some individuals have a spur on 
only one leg (pers. observation reference collection Sheila Hamilton-Dyer, Southampton). 
Since roosters are larger than hens, total length of the tarsometatarsi compared with spur 
information gives a better indication of sex. Figure  5-22 shows that the larger tarsometatarsi 
have spurs or spur scars and are thus likely roosters, the smaller ones belong to hens. 
According to this small sample the domestic fowl population of Emden consisted of an equal 
amount of hens and roosters. This balanced sex ratio indicates that the meat of domestic fowl 
was equally important as the eggs. 
 
5.1.4  Phenotype 
 
Cattle 
The height at the withers calculations for the Rosenstraße cattle (chapter 2.6) suggested that 
cattle became larger in the course of the medieval period. However, a statistically significant 
increase in mean height was only seen from the 12th to the first half of the 13th century AD. 
The even smaller sample size for the Schulstraße remained inconclusive. The small 
assemblage from the Kirchstraße only hints at an increase. These inconclusive results are 
thought to be the result of the small sample sizes and were therefore treated with caution. 
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Figure  5-23 Log ratio charts for the pooled length and width measurements of the Emden cattle per period. 
 








100-105 106-110 111-115 116-120 121-125 126-130 131-135 136-140 141-145 146-150 151-155 156-160 161-165
1/10 mm
n
9th-11th C (n=18) 12th-13th C (n=17) 14th-17th C (n=9)
 
Figure  5-24 Chart of the width of the mandibular third molar in Emden cattle. 
 
To overcome small sample size the log ratio method as described in chapter 1 was used on the 
cattle metric data. Before the pooled measurements of the Emden cattle can be compared with 
data from other excavations (chapter 6.3), the assemblage itself was tested for chronological 
differences. The detailed analysis of the three assemblages as outlined in chapters 2-4 shows 
that they did not differ greatly and that therefore the measurements from all three excavations 
can be safely lumped together. The assemblage thus formed was divided into three periods: 
early (9th-11th century AD), middle (12th-13th century AD) and late (14th-17th century AD). 
Figure  5-23 shows the log ratio charts for the pooled length (left) and width measurements 
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(right) per period for Emden cattle. The individual charts show that cattle bones became taller 
and broader through time. Due to small datasets in the latest period, performed t-tests only 
showed a significant increase in width measurements between the early and the middle 
period. 
 
A study of the width of the mandibular third molar can also be used to indicate whether the 
Emden cattle increased in size over time. Although not based on an extensive dataset, molar 
widths were on average smaller in the 9th-11th centuries than in both later periods (Figure 
 5-24). 
 
Combining the above results, Emden cattle did increase in size (height and width15) from the 
mid 9th to the 17th century. The results hint at a continuous increase from the 9th-11th centuries 
until the 14th-17th centuries as a result of selective breeding and better husbandry. The size 
change reflects an increase in meat yield. Other archaeological evidence showed that there 




As with the cattle assemblage, the log ratio method was applied lumping together all width 
and all length measurements. The Emden sheep measurements (Figure  5-25) demonstrate that 
the Emden sheep are taller and broader than the standard flock of Shetland sheep as published 
by DAVIS (1996) the 0 in this figure. The individual charts show that the length measurements 
increased between the early and the middle period. The width measurements do not show 
chronological changes. This means that the Emden sheep became more slender during the 
medieval period. 
 
















































































































































































































































Figure  5-25 Log ratio charts for the pooled length and width measurements of the Emden sheep per period. 
 
The change in height of the Emden sheep is supported by width measurements of the 
mandibular third molar and the height at the withers calculations. Splitting all calculated 
                                                 
15 The increase in width is probably not age related as older cattle are less well represented in the later period 
(see chapter 5.1.3). 
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withers heights into two chronological phases shows that on average, sheep were c two 
centimetres taller in the 12th-14th centuries compared to the 9th-11th centuries (Figure  5-26). 
This increase in average height is mainly due to an absence of smaller animals (57-61 cm) in 
the later period. 
 
Height at the Withers: Sheep
(n=29)
9th-11th century mean: 64 cm















Figure  5-26 Height at the withers for sheep in the Emden bone assemblage. 
 
Pig 
The lack of measurements for the Emden pig assemblage makes it difficult to characterise 
these animals. However, an engraving by Albrecht Dürer (1471-1528) “The prodigal son” 
depicts pigs generally thought of as accurately characterising the medieval type (Figure  5-27). 
The pigs on the engraving are small, flat ribbed, high on the legs, short eared with elongated 
skulls and with a hair-crest on the back. The dominant colour was black. As Dürer lived in 
Nurnberg he probably depicted the local type of pig. Pigs in the coastal area were larger than 
their counterparts to the south (BENECKE 2003, 182-183). 
 
As was done with the cattle and sheep metric assemblages before, the pig assemblage was 
tested for chronological differences (Figure  5-28). This could only be done for the width 
measurements, as there were only a few length measurements. The standard used in the log 
ratio method is the Neolithic pig assemblage from Durrington Walls, England published by 
ALBARELLA & PAYNE (2005). 
 
Horse 
Heights at the withers were obtained from two skates made of horse bones (chapter 5.2.3.3) 
dating to the 2nd half of the 13th century. One belonged to a horse of c 136 cm, the other to a 
horse of c 148 cm. These measurements are in line with the observation made by BENECKE 
(2003, 184) that the medieval horse populations of the North Sea coastal area are relatively 




Figure  5-27 The prodigal son by Albrecht Dürer (Fotowerkstatt Kunsthalle Karlsruhe). 
 
































































































































CLARK (1995) proposed a method of analysing fragmented dog crania by reference to three 
characteristic measurements of the frontal bone: the post orbital constriction (= measurement 
31 after VON DEN DRIESCH 1976, least breadth of the braincase), the ectorbitale (measurement 
32, greatest facial width) and the entorbitale breadth (measurement 33, minimum width 
between the orbits). Using CLARK’s data to illuminate the facial appearance of three dogs 
from Emden Rosenstraße resulted in a cranium from the 12th century resembling a modern 
Jack Russell (nrs. 33 & 19), a cranium from the 13th century resembling that of a Border 
terrier (nrs. 35 & 18) and a cranium from the 14th century resembling a Greyhound (nrs. 36 & 
17; Figure  5-29 & Figure  5-30). The other four measureable skulls bore characteristics of 
more than one modern dog breed.  
 
















































Figure  5-29 Comparing Emden dog crania (black squares) with modern breeds 
(grey squares; after CLARK 1995)16. 
 
One particular dog skull with articulating mandible found at the Schulstraße and dating to the 
10th century has a very small and round or brachymel shape (number 38 in Figure  5-29). Due 
to restricted space, the lower first (and possibly second) premolar and the upper third molar 
had not developed. 
 
The small assemblage of complete dog bones from Emden that can inform on the height at the 
withers was compared to the much larger assemblage from Schleswig (Figure  5-31; data taken 
                                                 
16 Plotting measurement 32 against 33 and 31 against 33 had a similar result. The numbers refer to the following 
crania: 2) Iron Age dog from Baldock, 3) Late 1st century dog from Baldock, 4) Greyhound, 5) Toy poodle, 6) 
Labrador, 8) Neolithic wolf, 10) Jack Russell x Staffordshire terrier, 11) Labrador cross, 12) juvenile collie, 13) 
German shepherd, 14) 12/13th century dog from Winchester, 17) Greyhound, 18) Border terrier, 19) Jack 
Russell, 20) Greyhound, 21) Greyhound, 22) English bull terrier, 23) Iron Age dog from Andover, 24) Chinese 
crested, 25) Rotweiler, 26) Boxer, 27) Timber wolf, 29) Mid Iron Age dog from Yarnton, 31) Juvenile European 
wolf (<1 year), 32) Kirchstraße 13th century, 33) Rosenstraße 12th century, 34-35) Rosenstraße 13th century, 36) 
Rosenstraße 14th century, 37) Schulstraße 11th century and 38) Schulstraße 10th century. 
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from SPAHN 1986). The data shows that the Emden dogs fall well within the range seen for 
the dogs from medieval Schleswig. The majority of the dogs were of average size (38-58 cm), 
small (32-34 cm) or large dogs (66-68 cm) were uncommon. Small dogs were only found at 
the Rosenstraße and the Schulstraße. Large dogs were only found at the Kirchstraße. It is 
thought that the urban environment was less suitable for large dog types similar to those seen 
in more rural assemblages were they were used in herding. 
 
  
Figure  5-30 Border terrier, Greyhound and Jack Russell (source: Wiki Commons). 
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Figure  5-31 Height at the withers of the Emden dogs17. 
 
Summary of phenotype 
The above analysis of the metric data from Emden has shown that according to height at the 
withers calculations, the log ratio method and the measurement of the width of the mandibular 
third molar, the size of cattle increases through time. Also, the log ratio method, width of the 
third molar and the height at the withers calculations for sheep/goat showed an increase in 
mean height by two centimetres between the 9th/11th centuries and the 12th/14th centuries. The 
                                                 
17 In order to fit the Emden data into the larger database from Schleswig, height at the withers were recalculated 
using the factors from Koudelka as used by SPAHN (1986). 
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pigs from Emden were quite large. The metrical data for dog confirmed the presence of many 
different types ranging from dog crania resembling those of modern Border terriers, to Jack 
Russell and Greyhounds. Most of the dogs had an average height at the withers. 
5.1.5  Animal health and welfare 
 
In the Emden assemblage, only 156 fragments (0.08%) displayed pathological changes. This 
is undoubtedly below the actual number of pathologies present as the assemblage was not 
meticulously scanned for the less obvious manifestations like enamel hypoplasia in teeth (see 
for instance: DOBNEY et al. 2006; TEEGEN 2005b). Furthermore, as JOHANNSEN (2005, 42) 
concludes, it is often difficult to pick up the early stages of a pathology as the condition 
observed might well fall within the normal range. This problem particularly limits the use of 
slight morphological changes such as indications for draught exploitation (BARTOSIEWICZ et 
al. 1997, 55). It was felt that recording the obvious cases would be sufficient in this study to 
confirm patterns of animal use. In addition, although not many bones show pathological 
change, this does not mean that the animals of Emden were healthy. As the surrounding soft 
tissues and cartilage in which the lesions possibly originated have disappeared, only the 
reaction of the bone to an illness can be analysed. Furthermore, disorders of a nutritional or 
hormonal kind can be better assessed by histological analysis than by gross examination 
(SIEGEL 1976, 355). It should be noted that, older animals have more chances to develop one 
or more diseases, which leave pathological traces on their bones, than young animals. 
Therefore, if domestic animal species were preferentially killed at an early age (for instance 
the many lambs at Emden), the whole herd looks rather healthy (ibid 1976, 357). 
 
Of the 156 pathologically affected bones, 92 are cattle, 43 sheep/goat, 12 pig, eight dog and 
one cat. Apart from the dogs, which display a higher proportion of pathologically changed 
bones, these proportions resemble those of the overall bone assemblage. In respect to the 
types of pathology encountered in the Emden assemblage, 34% are joint diseases, 27% are 
dental diseases and defects and 17% could be identified as trauma.  
 
Cattle 
In cattle, the highest proportion of pathology is seen in the joints (58%), followed by trauma 
(24%) and dental related problems (8%). This underlines the idea that older cattle at the end 
of their useful lives were brought to the meat market. Interestingly, degenerative joint disease 
was almost absent in the shoulder joint and spavin of the metacarpus was not seen in the 
Emden data. It seems that the activities undertaken by cattle during their working lives mainly 
put a strain on their hips and lower hind legs (MURPHY 2005, 15). The importance of the use 
of cattle as draught animals must not be underestimated as it is estimated that even today c 
250 million cattle world wide are involved in traction (Starkey 1991, 156; cited in JOHANNSEN 
2005, 39). Cattle can be used for draught activities when about two years old. The training of 
a new animal is uncomplicated as it will learn quickly when harnessed together with an 
experienced older animal (JOHANNSEN 2005, 46-47). As cattle are not well adapted to pull 
loads, the extra strain is likely to leave its mark on the bones. The study of pathological 
changes indicative of traction and the subsequent development of recording methodologies 
are summarized by GROOT (2005). 
 
In the Emden cattle, degenerative joint disease associated with traction was seen in a scapula, 
five pelves, five femora, five calcanei, two tali, seven centrotarsi, two ossa tarsi II+III and 18 
metatarsi. Three of the five pathologically changed pelves showed eburnation on the pars 
lunata major of the acetabulum. In one case this was accompanied by extra bone tissue 
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bridging the pars lunata major with the pars lunata minor. Bridging without eburnation was 
also seen in one animal. Both phenomena could be the result of repeated over-rotation of the 
hip. Eburnation occurs when the cartilage that separates the bones in a joint wears away and 
bone rubs on bone. It is shown as a shiny patch on an articular surface. Corresponding to the 
eburnation seen on the acetabulum, five capita femoris showed eburnation as well (prevalence 
3.2%). 
 
A special case of eburnation was seen in a 10th century pelvis in which the polishing was seen 
on the facies articularis on the tuberositas iliaca (joint with the sacrum). This condition may 
also be the result of the strain that traction puts on the back of the animal body, although 
according to BARTOSIEWICZ et al. (1997, 61) traction mainly adds additional load on the 
thoracic extremities and thus more pathology in the fore limbs. However, his study only 
included metapodials and phalanges as they were readily available from the slaughterhouses. 
New real-life observations by BARTOSIEWICZ (pers. comm.) have shown that the initial jerk to 
start the load moving puts a heavy strain on the animal’s rear. Eburnation was further seen on 
the articular surface of a scapula, an os carpi intermedium, two tali and three calcanei. 
 
Other pathological changes that might be associated with traction are the eburnation and 
osteophytes seen on the articular surfaces of a lumbar vertebra, nodules near the distal part of 
the first phalanx and the distal articular extension of the second phalanx. Furthermore, two 
cattle calcanei displayed sharp rims of bone on the medial sulcus tendini. The long muscle 
musculus flexor hallucis longi, which originates from the lateral condyle of the tibia and ends 
at the first phalanx (NICKEL et al. 2004, 123), runs along the sulcus. Four cattle calcanei from 
400-700 AD Eketorp Castle (Sweden) were found with the same condition and TELLDAHL 
(2005, 65-66) states that it is likely that this morphological change is a result of overloading 
due to traction. 
 
The classic pathological condition associated with traction and/or old age is spavin. It belongs 
to the category of chronica deformans tarsi; severe deformation of the tarsal bones 
(DRAUGNORA & THOMAS 2005, 69). Spavin is a result of excessive compression of the joint. 
Over time, the cartilage between the upper and lower surfaces of the lower tarsalia and the 
metatarsal becomes compressed and erodes. The joint spaces then become smaller, and new 
bone growth occurs which eventually results in fusion (BAKER 1984). It is likely that 
complete fusion leads to stiffness (pers. comm. Wietske Prummel). Although it is associated 
with traction (BAKER 1984, 254), spavin does occur naturally in horses due to age, weight or 
hereditary factors as evidenced by a find from the Late Neolithic site of Šventoji 23, 
Lithuania, where riding and traction had not been introduced into the area by this period 
(DAUGNORA & THOMAS 2005, 73). According to VON DEN DRIESCH (1975, 415) spavin also 
occurs when animals have very little exercise. This holds true for animals that are always kept 
in a stable, a situation highly unlikely for Emden. 
 
In Emden, seven centrotarsi, two ossa tarsi II+III and 18 metatarsi (prevalence 12.8%) were 
affected by the condition. It seems that the initial stage comprises of osteophytes around the 
distal articular surface of the centrotarsal and the proximal surface of the metatarsus (see also 
BARTOSIEWICZ et al. 1997, 71). The osteophytes create an articular extension. Six of the 
Emden metatarsals and four of the centrotarsals were found only to have osteophytes around 
their articular surfaces. The next stage seems to consist of pitting and grooving of the affected 
articular surfaces as pitting and grooving was only seen in combination with the osteophytes, 
it never occurred on its own. Three metatarsi and two centrotarsi were at this stage. The final 
stage, an immobile joint where complete fusion between metatarsus and centrotarsus has 
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taken place, was seen nine times. A metatarsus with articulating tarsi from the mid 9th-early 
10th century shows that the os tarsi II+III fuses first with the centrotarsus before fusion with 
the metatarsus takes place. All bones show osteophytes and a pitted/grooved surface. As 
spavin is painful in the early stages, this animal may well have been slaughtered as a result. 
The fact that most bones fall either in the ‘osteophytes stage’ or the ‘complete fusion stage’ 
makes it likely that pitting/grooving of the articular surface is of short duration and happens 
immediately before complete fusion. 
 
The questions that requires posing, however, is the extent to which the examples of 
degenerative joint disease relate to the use of cattle as draught animals, or to other factors, 
such as age, breed and weight? GROOT (2005, 55-56) argues that as the adult horse population 
of the Gallo-Roman settlement at Tiel-Passewaaij does not display such a high instance of 
joint disease, adult cattle must have been used as draught animals. Unfortunately, the Emden 
assemblage only contains 46 horse bones compared to c 12.000 cattle bones. Of these 46 
horse bones, none displayed pathological changes. Alternatively, if these conditions would 
mainly be age-related, they should be present in the old sheep assemblage as well, even if one 
takes into account load-bearing differences of the skeleton between cattle and sheep. Upon 
examining the sheep assemblage, only three bones were identified with degenerative joint 
disease (see below); the majority of pathology encountered in sheep is of oral origin. Thus, 
the cases of degenerative joint disease seen in cattle cannot be solely contributed to old age 
although they are only seen in skeletally mature bones. Analysis showed that cattle husbandry 
regimes changed during the medieval period; but between 69%-39% of the animals were 
skeletally mature when slaughtered (Figure  5-13). The metatarsi with spavin indicate that 
subadult and skeletally mature cattle were used as draught animals. 
 
GROOT’s (2005) analysis of the cattle bones from the Gallo-Roman settlement at Tiel-
Passewaaij showed that some pelvis fragments with eburnation belonged to cows. The fact 
that adult cows dominate the assemblages from Emden (Figure  5-16 & Figure  5-15), makes it 
likely that they were used for draught activities alongside the oxen. Unfortunately, the 
fragmented pelves from Emden were not sexed although recent research by GREENFIELD 
(2006) has shown that this is indeed possible. The use of cows instead of or alongside oxen 
makes sense as the ploughing of fields only takes place a couple of times a year before 
sowing. The rest of the year a cow can give milk, give birth to a calf or be used in front of a 
cart. Oxen can only be used as beasts of burden, before being ultimately slaughtered for meat. 
Evidence for using sterile cows as draught animals can be found in Columella’s De re rustica 
chapter 6 (AHRENS 1972). Modern pictorial evidence can be found in BARTOCIEWICZ et al. 
(1997, Fig. 6) and GROOT (2005, Fig. 7). 
 
Three cattle mandibles show various degrees of pitting of the temporo-mandiblar joint. Since 
no osteophyte formation or eburnation was seen, it is probably not a form of degenerative 
joint disease (Figure  5-32). The lesions may instead represent osteochondritis dessicans 
(Richard Thomas pers. comm.). This is a “benign, noninflammatory condition of young adults 
characterized by the production of small, focal epiphyseal areas of necrosis on the convex 
surfaces of diathrodial joints resulting in partial or complete detachment of a segment of the 
subchondral bone and articular cartilage” (AUFDERHEIDE & RODERÍGUEZ-MARTIN 1998). 
 
Most trauma seen in the cattle assemblage comprised of healed/healing fractures and ossified 
haematomas of the ribs. Together with a healed fracture on the processus spinosus of a 
thoracic vertebra, they indicate the crowded housing of cattle. In such conditions the ribcage 
can be damaged by crushing between animals or buildings or as a result of butting. The 
 114
occasional beating with a stick by the human caretaker or the stumbling and falling down of 
an animal cannot be ruled out either (BARTOSIEWICZ 2008, 19). Another source for these 
fractures might be the cow’s copulation with the bull. A goat skeleton in the reference 
collection of the Groningen Institute of Archaeology shows healed fractured ribs which are 
due to her copulation with the billy goat (pers.com. Wietske Prummel). Butting may be 
responsible for the find of a horncore with a hollowed-out tip. The fragility of the bone 
substance made it difficult to determine if the cavity was the result of an inflammation due to 
trauma or had a taphonomic origin. 
 
 
Figure  5-32 Cattle mandiblar hinge displaying articular pitting. 
 
 
Figure  5-33 Cattle metacarpus possibly displaying a healed fracture with (secondary) periosteal 
infection/inflammation. 
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A 14th century cattle metacarpus displays a healed greenstick fracture (i.e. occurred when 
animal was young; Figure  5-33). Just above the distal articulation, the bone shows a large 
build-up of an irregular callus all around this part of the shaft. The distal articulation itself is 
not affected. The appearance of the bone reminds the author of a similar pathological 
condition seen in pig metapodials from several assemblages she has analysed. In one case the 
affected bones were radiographed which did reveal the fracture. Healed fractures in sheep 
metacarpals, a sheep and a goat metatarsal as well as roe deer metacarpals illustrated in 
UDRESCU & VAN NEER (2005, 30-31) all look similar. JOHANSSON’s (1982, 63-64) analysis of 
86,524 cattle bones from Hedeby produced two metacarpals and two metatarsals with healed 
fractures. The metatarsus of Abb. 24/4 looks particularly similar to the specimen from Emden. 
 
When a long bone breaks, contraction of the muscles will result in a shortening of the bone 
when realignment does not occur. Natural healing with consolidation in the anatomical axis 
and without shortening can occur when an adjacent bone is present that can act as a natural 
splint (UDRESCU & VAN NEER 2005, 24-25). Fractures of the metapodials in small livestock 
(sheep/goat and pig) may heal without much deviation from the anatomical axis even in the 
wild. Because healed fractures are never found in metapodials of large herbivores, UDRESCU 
& VAN NEER (2005, 30-32) associated healed fractures with with human intervention. They 
further state that these fractures would have a better chance of full recovery when the animal 
is young (i.e. greenstick fracture). We might thus have an example of Late Medieval 
veterinary practice where a fractured lower front leg of young cattle was cured by means of 
bandages and a splint. This means that the animal was kept in a stable to restrict its 
movements until the fracture was healed. The fact that the animal probably received care and 
attention instead of immediate slaughter shows that animals were valued for reasons beyond a 
ready source of meat. 
 
The last group of pathological changes seen in the cattle bones from Emden comprises oral 
anomalies and defects. The Emden assemblage contained eight cases in which neither P2 nor 
the trace of an alveolus was detectable. Only in one additional case had the alveolus only 
partly been remodelled. The prevalence for an absent P2 in Emden’s cattle mandibles is 1.7%. 
Another, definite congenital anomaly is the absence of the hypoconulid in the lower third 
molar of cattle. With only two observations, this was not a characteristic of the Emden cattle 
population. Another possible congenital anomaly was encountered in the form of a round 
smooth rimmed extra foramen below the third premolar on the lingual side. 
 
True dental pathology was seen in cattle in the form of periodontal disease. This is an 
inflammatory disease that begins as gingivitis. Gingivitis is caused by bacterial plaque that 
accumulates in the spaces between the gums and the teeth and in calculus (tartar) that forms 
on the teeth. These bacteria produce chemicals and toxins that cause inflammation of the 
gums around the teeth. Advanced inflammation causes deep pockets between the teeth and 
gums and loss of bone (resorption) around the teeth (periodontitis) with subsequent tooth loss. 
Severe tooth loss can lead to starvation. The initial causes for the development of periodontal 
disease (and its progress), include the food consumed, the ingestion of minerals/particles from 
the substrate grazed and/or the oral environment of the animal (DAVIES 2005, 81). Four cattle 
mandibles (out of 278) and one maxilla (out of 189) display the typical bone resorption of the 
alveolar margin indicative of periodontitis. No particular area was affected, with porosity and 






The 42 pathologies and anomalies seen in the sheep/goat assemblage include mainly dental 
related problems (n=38), three cases of degenerative joint disease and one trauma. Of the 38 
dental related pathologies in the Emden sheep/goat assemblage, 26 (two in the maxilla and 24 
in the mandibula) could be identified as periodontal disease (inflammation of the gum). In all 
cases resorption of the alveolar margin had led to the exposure of the roots of the teeth. It 
seems that in some cases the teeth had fallen out due to the loss of bone support. 
Inflammations were commonly seen around the first molar (n=19). This can be explained by 
the fact that the first molar is the first permanent tooth to erupt and wear. Consequently, free 
space between the first molar and the deciduous fourth premolar and the permanent second 
molar makes it easy for sharp parts of the fodder to penetrate the gum. This is further 
promoted by the fact that the mechanical stress is the highest on this part of the jaw. Bacteria 
that become active on these wounds can easily cause paradontitis (HÜSTER PLOGMANN 2006, 
69). 
 
Other dental pathological changes seen on sheep/goat mandibles include an inflammation 
below the fourth premolar on the buccal side of the bone forming a possible abscess and a 
patch of periostal bone. Possible osteonecrosis in a sheep/goat mandible on the lingual side 
below P4, M1 and M2 resulting in an elongated broad groove with smooth rims was also 
noted. A third mandible had part of what was possibly the deciduous fourth premolar wedged 
in between the permanent fourth premolar and the first molar (Figure  5-34). All three 
mandibles also exhibited periodontal disease. Two maxillae displayed dental defects. One 
involved the presence of a deciduous fourth premolar still rooted into the maxilla next to the 
permanent P4 (lingual side). The other specimen shows tooth rotation of the fourth premolar 
by approximately 20 degrees within the socket to form a malaligned tooth row. This probably 
let to abnormal erosion of the third premolar and the first molar. According to DAVIES (2005, 
86), prolonged deficiencies in the overall plane of nutrition can result in crowding, abnormal 
positioning or rotation of teeth. 
 
The presence of an extra foramen beneath the premolar row on the buccal side of the 
mandible is a well known non-metrical trait in sheep. The condition is far less common in 
goats (HALSTEAD et al. 2002, 549) and was only occasionally noted (n=12) in the Emden 
material. The possible congenital absence of the second premolar was also occasionally noted 
(n=4). 
 
The non-dental related pathologies and anomalies consist of a mandible with the tip of its 
processus coronoideus sharp and irregularly shaped. It is uncertain if this is a true pathology 
or falls within the natural range of shapes for this part of the bone. Another mandible shows a 
pitted articular surface similar to a condition seen in some cattle mandibles (see above). A 
possible husbandry-related pathology is seen on a tibia from the late 10th-early 11th century. 
The bone shows nodules around the distal articular surface resulting in an extension towards 
the medial side. Similar pathology on the distal humerus and the proximal radius are usually 
termed ‘penning elbow’ as they are thought to result from trauma inflicted by penning. A 
clear example of trauma is seen in a healed fractured rib from the mid 9th-early 10th century. A 
lumbar vertebra from the 9th century shows osteophytes around the distal articular surface 
(lipping) resulting in restricted flexibility in the lower back. A 12th century metatarsus might 
show a case of hormonal defect. The surface of this bone displays round shallow areas of 
approximately the same size, the margins of which are smooth. Although the surface does not 
look eroded, a taphonomic cause cannot be excluded. 
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Figure  5-34 Sheep/goat mandibula with tooth rest wedged in 
between the permanent fourth premolar and the first molar. 




The 12 pathologically changed pig bones from Emden include eight dental defects, two 
traumata and one joint disease. In addition, the partial fusion of the fibula with the tibia was 
seen in a subadult animal. The dental defects mainly involved the congenital absence of the 
P2 and an open space between the M2 and M3. In addition, a case of periodontal disease was 
seen in a maxilla and a possible case of enamel hypoplasia was seen on an incisor. Enamel 
hypoplasia is caused by stress during the developmental stage of the particular tooth (TEEGEN 
2005b, 91). A pig maxilla from the 14th-17th century displayed rotation of the second premolar 
by approximately 40 degrees within the socket to form a malaligned tooth row. Similar 
defects are described above for sheep/goat and might be due to prolonged nutritional 
deficiency or shortening of the snout. A mandible from the 11th century showed the remains 
of a buccal abscess around M1 and M2. This possible inflammation of the sinus maxillaris 
was clearly active at time of death as the surface shows porosity. A possible further case of 
pathology was seen in a 15th century mandible. This specimen displayed an irregular bone 
structure below the M3 on the buccal side. 
 
The two cases of trauma seen on the Emden pig bones consisted of healed fractures. A left 
third metacarpus from the 9th century displays a healed fracture which might be the result of 
tethering the animal by the left front trotter (Figure  5-35). Another healed fracture was seen in 
a 13th century tibia where the fibula acted as a natural splint and fused with the bone. The 
animal was probably limping as the bone is bowed (healed under oblique angle). The small 
patch of woven bone indicates a (chronic) inflammation. A possible case of joint disease was 
seen in an ulna from the 14th century. The bone displays elongated vertical nodules on the 
articular surface with the radius (incisura radialis ulnae). As the condition does not seem to 




Of the pathology encountered in the Emden dog assemblage, six involve the jaws and two are 
clear traumas. Possible breed related (congenital) dental anomalies are seen in a small 
brachymel dog skull from the 10th century. Both second molars are missing due to lack of 
space and the second premolar is missing on the right side. However, as the related right 
mandible clearly lost its first and second premolar ante mortem (alveoli have filled in), the 
latter might be the result of trauma (fighting with other dogs, blow to the jaw, etc.). A similar 
pathology was seen in a 14th-17th century maxilla where the fourth premolar was lost ante 
mortem, leaving a gap between the M1 and P3. As a possible result of senility, a mandible 
from the second half of the 13th century had lost most molars (alveoli filled). The remaining 
teeth were heavily worn and the premolars were crowded. The latter might be breed related. 
 
 
Figure  5-36 Dog mandible with a sharp extension (arrow) on the processus angularis. 
 
Two dog mandibles show small sharp discrete nodules of bone, one beneath and just behind 
the third molar on the lingual side (base of bone) and one as an irregular extension on the 
processus angularis (Figure  5-36). Although the nodules were sharp, no new bone formation 
was seen on them. Therefore, they could be natural shape variation. In a 15th century dog, the 
pelvis and sacrum had fully fused. It is possible that this was the result of advanced age. A 
small semi-circular depression on the right frontal bordering on the sagittal suture, at the edge 
of the brain skull was seen on a 13th century dog skull. The bone around and in the depression 
shows porosity and it is thus possible that the trauma was still healing at the time of death. It 
seems that this trauma is the result of a blow to the forehead with a blunt object. Alternatively, 




A pair of cat mandibles from the 13th century shows a developmental rotation of the third and 
fourth premolar of approximately 25 degrees within the socket. This resulted in a misaligned 
tooth row in both mandibles. These anomalies are quite common in the modern cat population 
and it is thought that this is due to feeding cats processed food (SPAHN 1986, 54). It is thus 
possible that at least some cats had pet status in medieval Emden and were mainly fed on 
kitchen waste instead of hunting for their own food. 
 
Conclusion animal health and welfare 
Active care towards cattle is indicated by the advanced stages of spavin which could only 
develop when an animal is allowed a period of rest. Veterinary interference could even be 
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proposed in the case of a healed greenstick fracture in the metacarpus. The high instances of 
dental pathologies and anomalies in sheep/goat and pig might be the result of feeding of less 
suitable food stuffs or the absence of proper food during part of the year. With respect to 
human-animal relationships it can be said that attitudes towards dogs probably differed from 
those towards cattle, sheep and pig. Dogs possibly show a higher instance of pathology which 
indicates that they were prone to abuse (trauma) and/or a higher level of care (they survived 
long enough for the pathological changes to develop) (TEEGEN 2005a). Furthermore, the high 





5.2.1  Species richness and social stratigraphy 
 
Summarizing the results of the zooarchaeological analysis of the animal bone material from 
Emden centres on people’s diet; the first step in the Maslov hierarchy of needs. This means 
that the cow used for ploughing and manuring the field where the cereal for your bread grew, 
later landed on your plate in one way or the other, possibly accompanied by a piece of cheese 
or a cup of milk. However, the studying of people’s diet goes beyond the mere sustaining of 
life by ingesting enough calories, because what you can or cannot eat or who you can and 
cannot eat with are determined by social conditioning rather than personal choice. Studying 
the eating patterns of a society can allow you to enter other aspects of life such as religious 
beliefs, class, gender relationships and ethnicity (COOL 2006, 1). 
 
Why were certain animals kept/bred, eaten and/or used? The ease of procurement, abundance 
of resource, caloric value, protein and fat content, ease of processing, competition for plant 
foods, secondary products and non-economic reasons can play a role in the decision 
(ZIMMERMANN HOLT 1996, 90-91). The value of an animal might have depended on its 
pedigree, taste, colour, fur pattern, character (docile/aggressive), the concept of clean/unclean, 
sex, etc. (Jacqui Mulville pers. comm.). None of these parameters leaves a definite mark in 
the zooarchaeological record. Others, like ease of procurement, abundance, nutritional value, 
ease of processing, secondary products and sex leave at least hints. Parameters such as ritual, 
pedigree, taste, appearance of the skin, character and perception can only be guessed at with 
the help of additional information such as archaeological context, works of art, ethnographic 
sources and other historical sources. 
 
As indicated before, food can be a way to express oneself. The more money and leisure time 
at your disposal, the stronger these expressions might become. These culinary expressions 
will leave a signal in the zooarchaeological record when they involve the use of “other than 
the norm” animal based foodstuffs. ERVYNCK et al. (2003b, 428-441), in an attempt to classify 
food stuffs on a scale of luxury, came up with the following four classes: 1) food that is 
physiologically necessary to survive, 2) the food that is considered as a basic need above the 
level of physiologically survival, 3) affluence when the amount of class 1 and 2 foodstuffs is 
higher than strictly necessary and 4) luxury when additional foodstuffs are consumed which 
are special, limited in supply, difficult to procure or expensive due to other reasons. 
 
It is thus generally accepted that species richness is a measure for social status in the historical 
periods. DOBNEY & JAQUES (2002) showed in their survey of 29 Anglo-Saxon sites that avian 
signatures were much richer on sites with a known high-status such as castles and the abbot’s 
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quarters of monasteries. O’CONNOR (1989, 22) also states that high social status will be 
shown in the range of hunted and fished species and a greater reliance on locally produced 
food. The later can be explained using fish as an example. Fresh fish can only be traded over a 
limited distance. Curing fish by drying, smoking or salting enables transport over longer 
distances. However, the taste and nutritional value of the cured fish are markedly different 
from that of fresh ones. This means that fresh fish was probably more expensive and more of 
a luxury good. Whereas cured fish was probably regarded as bulk food (VAN NEER & 
ERVYNCK 2004, 203-204). 
 
Not only the number of different species consumed, but their very presence is an expression 
of luxury (ALBARELLA & THOMAS 2002). Their survey shows that the remains of wild birds 
are not abundant on English medieval sites since more than 90% of the bird bones could be 
attributed to domestic fowl and domestic goose. However, “The evidence discussed above 
clearly indicates that the importance of wild birds in the medieval diet is not to be found in 
their contribution to subsistence and economy, but rather in the meaning that the 
consumption of wild birds implied. Some of the birds consumed were unlikely to have been 
particularly tasty, but, being expensive and difficult to obtain, they played an important role 
as a symbol of status and wealth” (ibid 26-27). The increase of wild species in later periods 
can be explained as follows: meat was a luxury product at the beginning of the medieval 
period and only very occasionally eaten by peasants and town dwellers. When the economic 
situation of these groups improved during the 14th and 15th century, the consumption of meat 
increased and became less special. In order to make a “statement” new sources of fancy meat 
were exploited by the elite (ibid 28-29). This trend is also seen in the Emden hand collected 
material: 6 wild species (NISP 4.956) in the 9th-11th century, 15 wild species in the 12th-13th 
century (NISP 10.871) and 13 wild species in the 14th-17th century (NISP 2.633). This trend 
even holds if we consider that species richness increases with sample size and that the 
material from the 9th-11th century only comes from the Rosenstraße and Schulstraße, where 
bone collection was less thorough. 
 
One of the questions the study of the animal bones from Emden hopes to answer relates to a 
difference in status between the inhabitants of the Rosenstraße and those of the Schulstraße. 
The range of ceramic types and type of houses present suggests that the inhabitants of the 
Rosenstraße were peasants and those of the Schulstraße merchants (see chapter 1). By 
studying historical sources in combination with zooarchaeological data PIGIÈRE et al. (2004, 
223-243) were able to suggest a social stratigraphy for part of the Belgian town of Namur. 
Unfortunately, the Emden town archives do not extend to the time of the bulk of the animal 
bones. The archives comprise documents from the 15th-20th centuries with some charters 
dating from as far back as AD 1248. However, the bulk of the documents date to the 16th-18th 
centuries. In addition, the Emden archives are difficult to access as they are still in the process 
of being assessed and digitised18. Even with the generous assistance of the curator, Dr. Rolf 
Uphoff, it was not possible to find relevant documents. 
 
Left with only the bones, the analyses described in chapters 2-4 showed no real differences 
between the three assemblages. The Rosenstraße assemblage (all periods combined) contained 
eleven wild species (two mammals, five birds, one fish and three molluscs) and the 
Schulstraße ten (three mammals, four birds, two fish and one mollusc). A total of fifteen wild 
species (two mammal, nine birds and four fish) was present at the Kirchstraße. This is likely 
                                                 
18 http://www.emden.de/de/kultur/stadtarchiv/ accessed 20-02-08. 
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due to a more careful excavation technique and should not be explained in the light of status 
differences. 
 
5.2.2  Production of secondary products 
 
Secondary products are those products which can be obtained from a living animal. These 
include milk, wool, manure and traction. Primary products are those products which can only 
be obtained from a dead animal. Meat, marrow, fat, tendons, leather and bone (apart from 
antler) are primary products. 
5.2.2.1 Milk 
 
The analysis of the cattle assemblage has shown that the high proportion of adult animals, 
especially in the 12th-13th centuries and 14th-17th centuries, and the dominance of cows make 
it likely that cow’s milk was obtained. The same holds probably true for at least part of the 
sheep population (especially in the 9th-11th centuries). In order to be able to milk an animal it 
is crucial that a cow19 accepts her calf and allows it to suckle. Caretakers will go great lengths 
to ensure milk letdown and minimise the risk of failure of imprinting when the mother animal 
does not accept offspring and offspring dies. The pastoralists of East Africa for instance, 
employ several techniques to ensure milk letdown if the cow does not accept her calf 
(stimulating the vagina; rubbing the calf with the cow's urine) or in case a calf dies wrapping 
the skin of the calf over a surrogate or the milker. Written accounts by English travellers 
visiting 16th-18th century Ireland comment (mostly with disgust!) of the same practice of 
stimulating the vagina manually or blowing air into it. The association of letting down the 
milk when the calf is present or suckles is a conditioned reflex. Modern cows do not need 
their calves to release the milk as they may respond to the sound of the milking machine, 
food, washing of the udder or the familiar surroundings of its stall (RYAN 2005, 100-102). 
TANI (2005) even argues that in order to improve the survival rate of newborn lambs, the early 
pastoralists of the Middle East accidentally invented milking for human consumption. TANI 
sees the failure of imprinting as a negative side-effect of domestication which had to be 
overcome by nursing assistance. 
 
It is impossible to estimate the milk yield of the medieval cows for human consumption in 
Emden based on their bones. The general debate on medieval milk yields ranges from “they 
gave hardly any milk and milk for human consumption was only possible when the calf was 
killed” to “cows were kept as a dairy herd”. ENTWISTLE & GRANT (1989, 206) for instance, 
after having studied medieval records, come to the conclusion that cattle were milked less 
than six months a year, milk yield was low and a specialised dairy herd uncommon. A 
historical approach by THOMPSON (2005) showed that the accounts for the year 1326/27 of the 
manor of North Curry, Somerset (UK) indicate that its tenants kept 36-39 oxen, one bull, 11 
cows and young beasts (heifers, bulls, two-year olds and yearlings). According to THOMPSON 
(2005, 134) the oxen were essential for traction in the agrarian economy and the principal 
raison d'être for the herd. He further concludes that medieval treatises on cattle dairying yield 
are exaggerated and would require optimum conditions. Based on the accounts for cheese and 
butter produced on late medieval manors, milk yield (after the calf was suckled) was between 
215-250 litres per cow per year with a peak during summer (ibid 2005, 139). In comparison, 
                                                 
19 Or a sheep, or indeed a camel as the same tricks are used in camel herding in the Southern Levant (HORWITZ 
& ROSEN 2005, 123). 
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the average cow in a modern specialized dairy herd produces 8500 litres of milk per year 
(RYCKAERT et al. 2007b) during c 305 lactation days. Recent research by CHAMBERLAIN & 
FORBES (2005, 44-49) demonstrated for Roman and prehistoric British cattle bone that some 
derive from animals that were either frequently pregnant or used as dairy cattle. Their 
research makes use of the principle that bone remodelling is more intense when cattle lactate 
and thus the number and size of osteons differ from non-lactating animals. 
 
Modern domestic sheep not selected for milk production give 45 to 65 litres of milk over a 90 
to 100-day lactation period. Dairy ewes can average 1.3 litres of milk per day over a 150-day 
lactation period. Normally milking starts after lambs are weaned at about 30 days of age. The 
most profitable way is to leave the lambs with the ewes for half a day and milk the ewe once a 
day (SCHOENIAN 2003). 
 
Even with a refrigerator, fresh milk cannot be stored for long. Luckily, milk can be 
transformed into butter and buttermilk, yoghurt, cream, whey, curd and cheese. Yoghurt was 
not yet known in western Europe as this ancient Asian invention was only rediscovered 
around 1900. Butter is made by churning fresh or fermented cream skimmed from the milk. 
Cheese is made by making the milk acidic by adding for instance vinegar or a bacterial 
culture and rennet (from calves’ stomach) to start coagulating the milk to curds and whey. 
Curd products include cottage cheese and quark. Turning milk into hard cheeses by pressing 
the curd and adding salt means that fats and protein can be kept for longer as a ready source of 
food (LEGGE 2005, 12-13). Pigs in particular can be fed on whey. Another advantage of 
cheese above fresh milk is its low lactose content which makes it more digestible. 
 
What does this all mean for the potential of the production of a dairy herd in medieval 
Emden? It takes 10 litres of cow’s milk to make a kilo of cheese and 25 litres to make a kilo 
of butter20. If we use the estimates of cattle milk yield as calculated by THOMPSON (2005; see 
above) it becomes clear that if the milk was completely turned into cheese, it would make c 
21.5-25 kg cheese or c 8.5-10 kg butter per cow per year. As the cream (fat) can only be used 
once, a choice had to be made between cheese and butter. The cheese yield would be higher if 
sheep milk was used as this is higher in fat, protein and total solids than goat or cattle milk. 
Four to five litres of sheep milk produces a kilo of cheese (SCHOENIAN 2003). If we use the 
modern milk yields for non-dairy ewes, this would mean a cheese yield of 9-16 kg per ewe. 
Since we lack information about the dairy supply of Emden, it is impossible to guess the 
proportion of cheese and butter consumed by the inhabitants of Emden. However, as it is 
more economic to turn sheep milk into cheese than cow’s milk, it is likely that sheep cheeses 




POWER (1941, 9-12) in her study of the medieval wool trade states that turning wool into cloth 
was an activity performed within most households during the medieval period. Wool from 
locally kept sheep was spun and woven by members of the household. Personal skill 
determined the quality of the end-product. On the other hand there was the large scale 
production of fine high quality cloth for trade and its related trade in wool. The distance 
between the wool production sites and the cloth manufactures was usually quite considerable 
(between countries). The cloth industry started in the 11th century and expanded rapidly 
                                                 
20 http://www.zuivelmuseum.be. Accessed on 29-12-07. 
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during the 12th and 13th centuries. Before the 14th century, the Low Countries and Florence 
emerged as the producers of the finest cloth. Due to the fact that the local wool was too coarse 
and production capacity was not large enough, finer wool was imported from England. This 
total dependence on a single source caused huge problems of unemployment and starvation 
when supplies were occasionally withheld21. 
 
RYDER (1964, 1981 & 1984) has undertaken extensive research into (British) medieval sheep 
and their wool types. Although RYDER (1984, 24) considers milk the main reason for keeping 
sheep, he also states that before true breeds existed, i.e. the post-medieval period, sheep were 
classified by their wool type. Compared to wool from the continent, the fibres of English wool 
were finer and longer. This extra length might be due to the richer British pastures, but a 
difference in sheep-type cannot be excluded either.  
 
During the early stages of the Frisian monopoly on coastal transport in the 6th-9th centuries 
AD, the cloth of good quality was woven at home and traded by the merchant-farmer on the 
beach markets along the Frisian borders (ELLMERS 1990, 91). Trading activities were 
expanding in the 13th century and written sources confirm that people from Emden 
participated. Apparently, London and Gotland (Sweden) were amongst their destinations 
(VAN LENGEN 1994, 68). Tax rolls from Hamburg and Lübeck for the second half of the 14th 
century show that the ships from Emden contained for example herring, lamb skins and cloth 
(ibid 73). And among the trading goods which were subject to excise due to the chief of 
Emden in the early 15th century were cloth, skins, leather, butter and herring (ibid 1994, 78). 
These accounts show that locally made cloth was exported from Emden. This cloth was either 
of very fine quality and thus made with wool imported from England, Emden merchants were 
known to sail to London, or the cloth was of lesser quality and made from local wool. The 
latter would certainly be a possibility considering the high proportion of sheep bones in the 
Emden assemblages. Additionally, TIDOW’s analysis of the textile remains found in the soil 
samples (see chapter 4.9) indicates that wool made of a mix of fine and coarser fibres was 
used. These plies are likely to be the remains of medium fine or coarse cloth. The processing 
of wool is also attested by the find of spindle whorls (see 5.2.3.3) and the find of five possible 
loom weights in a house at the Rosenstraße which date to the 12th-13th centuries (HAARNAGEL 
1955, 24). 
 
The use of animal hair in brushes of all kind (pig), in clothing, musical instruments and as 
fishing lines (pig) and as filler for mattresses (cattle) is historically known (SCHMIDT 2006, 
83). Cut horse and cattle hair was found on the Feddersen Wierde (ULLEMEYER & TIDOW 
1981, 79). Although similar use of animal hair other than wool can be assumed for medieval 




Much has already been written about traction in the above paragraphs. It was shown in the 
paragraph on animal welfare (see 5.1.5) that the Emden cattle bone assemblage contains 
                                                 
21 “In 1297, when such a stoppage took place, the land of Flanders, says the English chronicler Heminburgh, 
was ‘well nigh empty (quasi exinanitam) because the people cannot have the wools of England,’ and in 1336, at 
the beginning of the Hundred Years’ War, starving hordes of Flemish weavers roved the country, begging their 
bread as far afield as Tournai and other French towns, like the Welsh miners singing to-day in the streets of 
London. A similar stoppage at Leyden in 1444 caused an exodus of some 2,000 unemployed, who betook 
themselves to field-work.” (POWER 1941, 12). 
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evidence that cattle were used for traction. Although today less well known, billy goats and 
dogs were once commonly used to pull small carts as well. Milk and bread were often 
distributed in this way. As no pathological conditions in the sheep/goat or dog assemblage 
could be explained in this way it cannot be confirmed that billy goats or dogs were used for 
traction in medieval Emden. 
 
The sparse remains that could be attributed to either horse or oxen, indicates that traction was 
not usually provided by these highly specialised animals. Alternatively, their absence in the 
butchery and kitchen waste might be a result of the meat provision mechanisms operating in 
medieval Emden whereby horses and oxen were mainly slaughtered in the villages where they 
were bred. This could be tested by analysing the animal bone material from excavations 
carried out in the villages around Emden. For the time being however, it is assumed that the 
near absence of horses and oxen is a real one. Another advantage cattle have above horses, 
which is particularly relevant to the landscape around Emden, is that they perform better in 
pulling on poorly-drained fields and heavier soil types as they have broader feet which do not 
sink in too much (BARTOSIEWICZ et al. 1997, 28 and 31). Taking all the evidence together, it 
would mean that most traction for carts and ploughing in and around Emden was probably 
provided by cows. 
 
5.2.3  Production of primary products 
 
Regarding the use of primary products in the medieval period ALBARELLA (1997b, 27) states 
that: “Hides, skins, wool fells, bones and horns were also intensively used, but probably they 
could never be regarded as anything more than important by-products” (of the meat 
provision). The heavy and probably standardised butchery technique visible on many of the 
animal bones seems to confirm this point of view. The view held by SPENCER (2004, 8) that: 
“Large carcasses were valued as live creatures which were labouring hard in the fields and 
you did not slaughter them until they were too old to work”, can be dismissed for medieval 
Emden. The age-at-death profiles have clearly shown that young and subadult animals were 
butchered and that senile animals were rare. This chapter will start with the butchery process 
as primary products cannot be obtained without it. It will then focus on the actual products: 
meat, fat, skin, tendons, marrow and bone. The tannery process and the making of bone 
objects will receive particular attention as these industries would have been part of a typical 
medieval town. 
 
5.2.3.1 Meat, marrow and fat 
 
Cattle, sheep/goat and pig 
Detailed butchery descriptions are given by many authors concerned with animal bone 
assemblages from different sites and periods (for instance: UERPMANN 1977, LAUWERIER 
1988, HÜSTER 1990, 113-115, EWERSEN 2004, HÜSTER PLOGMANN 2006, KUNST 2006 and 
SEETAH 2006). However, the interpretation of butchery marks left on bones is not easy as 
EWERSEN (2003, 54) suggests, since cut marks on the same spot on a particular skeletal 
element do not implicate appliance of the same butchery technique as factors like carcass-
size, position of the carcass on the abattoir and personal style should not be underestimated. 
One of these “local flavours” could be seen in the treatment of the skulls in Emden.  
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Sheep/goat skulls were split sagitally and the back of the skull of pigs were chopped off to 
reach the brain. Cattle skulls were probably chopped in the same way as the pig skulls, but 
have not survived sufficiently to prove this. As opposed to the procedure followed in Emden, 
cattle and pig crania were split sagitally and the back of the skull was chopped off in 
sheep/goat in early medieval Hedeby (HÜSTER PLOGMANN 2006, 124). It is even possible that 
the muscle stripping method was sometimes used in medieval Emden. This method will keep 
a carcass fresh for up to a week as the meat is hardly damaged so bacteria cannot enter and 
spoil it. This method was in use in Palestine and the surrounding areas until the introduction 
of the refrigerator and was especially popular in towns (COPE 2004, 32). Apart from these 
non-damaging butchery techniques, what evidence is there for butchery practices in medieval 
Emden? 
 
The cut and chop mark patterns for cattle are quite similar for all three excavations (Figure 
 5-37 & Figure  5-38). This indicates that the butchery technique for cattle was the same in this 
part of Emden. It is therefore likely that members of the butcher guild butchered the cattle 
(ALBARELLA 2005b, 138). The guild might have butchered near the meat halls or members of 
the guild might have gone from door to door to provide their services. Upon comparing the 
butchery patterns with the skeletal element distribution pattern (Figure  5-9), it shows that the 
elements of the head, vertebrae and costae as well as scapula and pelves and the 1st phalanx 
were more likely to be damaged during butchery and food preparation. The cut marks on the 
1st phalanx were probably caused during skinning, whereas the butchery marks on the costae, 
vertebrae, scapula and the pelves were mainly caused during disarticulation. The chopping up 
of the vertebrae22 indicates that the carcass was split transversely first in order to produce 
sections which are easier to process (SEETAH 2006, 48). The cut marks on the costae were 
probably mainly caused during filleting, but some might originate from skinning. 
 
The butchery patterns for sheep/goat are for all three excavations more or less the same 
(Figure  5-37 & Figure  5-38). Inconsistencies include the treatment of the head and the costae. 
Comparing the butchery patterns with the elements distribution pattern (Figure  5-9) it 
becomes apparent that the mandibles were not much affected (i.e. only a few chops) during 
butchery. This fact has clearly favoured this element’s survival. In contrast, vertebrae, 
scapulae and pelves were affected during butchery. This is to be expected as the chops on 
these elements indicate that the carcass is split along the spinal column. Slightly more 
elements of the spinal column were chopped vertically (butter-flying), but most of the 
vertebrae had no chop marks at all or only the processi had been removed. The crania of 
sheep were often chopped longitudinally following the suture. The cut marks on the 
mandibles and costae indicate that the sheep were skinned and filleted. 
 
The butchery pattern of pig is less consistent between the excavations. This might be due to 
the smaller database. However, private butchery as its main cause cannot be excluded. Based 
on the different pattern of the sutures on the pig skull, the back of the head was chopped off to 
be able to remove the brain. The mandible was damaged as it was removed from the cranium 
to obtain the tongue. Cut marks on the mandibles and costae occurred probably during 
skinning.  
 
                                                 
22 All 17 atlases with chop marks were chopped vertically. Of the eight epistrophei with chop marks, four were 
chopped horizontally and four vertically. Of the 36 cervical vertebrae with chop marks, 19 were chopped 
horizontally, 17 were chopped vertically. Of the thoracic vertebrae with chop marks, six were chopped 













































































































































































































































Figure  5-37 Cut marks (% of NISP) per skeletal element per species  


































































































































































































































Figure  5-38 Chop marks (% of NISP) per skeletal element per species  
for Rosenstraße, Schulstraße & Kirchstraße. 
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Summary cattle, sheep/goat and pig butchery 
The description of the butchery marks shows a high consistency in the butchery pattern for 
cattle between the sites and through the medieval period. This indicates that these animals 
were likely to have been butchered by professionals. This is less so for the sheep/goat and pig 
bone assemblages and might thus indicate that these animals were slaughtered by a variety of 
people. HAMILTON-DYER (2005, 147) also noted consistent butchery patterns for different 
sites in Hamwic (Saxon Southampton, England). With respect to the cattle bone assemblage, 
O’CONNOR (1989, 13) states that a high proportion of chopped-up cattle femora, tibiae, 
humeri and radii are typical indicators of beef production. In Emden however, most butchery 
marks were found on the head, elements of the spinal column, the ribs and to a lesser extent 
on the scapula and pelvis. The Emden assemblage thus resembles a dump of general butchery 
waste. 
 
Horse, dog & cat 
Special attention is always paid to butchery marks on the bones from horses, dogs and cats as 
their consumption is now less or uncommon in this part of the world. The fact that butchery 
marks are present on the horse assemblage and the fact that these bones were found mainly 
disarticulated among the rest of the animal bone assemblage makes it likely that some horses 
were butchered. Their small numbers indicate that they were not primarily kept for their meat. 
It is likely that the Roman rejection of horseflesh consumption was adopted by the Catholic 
Church and at first gradually, but later more persistently enforced. In a letter, Pope  
Gregory III ordered Boniface (c 672-754 AD), apostle to the Germans, to forbid the eating of 
horse flesh. The eating of horseflesh was not completely banished in Christian areas though, 
not even completely within the clergy. From the 18th century onwards, attempts were made to 
make horseflesh more popular, especially to serve as a source of protein for the poor 
(SIMOONS 1994, 187-189). Elements of all parts of the carcass are represented in the Emden 
horse assemblage. This indicates that at least a few horses were slaughtered locally. Although 
most bones were single finds of disarticulated bones, a complete foot (Phalanges 1-3) of an 
adult horse was found at the Kirchstraße in an occupation layer dating to the 12th century.  
 
Although most dog bones in the Emden assemblage presumably derive from disturbed or 
upon excavation unrecognised complete skeletons, some butchery marks on a scapula, 
humerus and pelvis indicate that these animals were sometimes skinned and eaten. As the 
number of dog bones is rather small and complete skeletons were found as well, their 
importance as a meat source was probably insignificant. The same conclusion has to be drawn 
from the study of butchery marks on the dog bones from Hedeby (HÜSTER PLOGMANN 2006, 
79-83) and Schleswig (SPAHN 1986, 26-27). Skinning and the consumption of dog meat were 
sometimes practiced. HÜSTER PLOGMANN (2006, 83) concluded in her analysis of the 
butchery marks on dog bones from Hedeby, that dogs were skinned everywhere in Hedeby, 
but that dog meat consumption was probably restricted to the Harbour area. The latter might 
be due to the fact that the harbour area was populated by poorer people than the other parts. 
 
Some cut marks and one chop mark were seen on cat bones in the Emden assemblage. The 
find of a cat cranium with parallel very fine cut marks on the nasal bones is of particular 
interest. Similar marks across the nasal bones of mainly subadult and juvenile cats were seen 
in a 13th century cat assemblage from a well in Bene ‘t Court, Cambridge (England). The 
absence of ribs, vertebrae and pelves led LUFF & MORENO (1995, 93-144) to conclude that the 
animals were skinned and subsequently eaten. The use of cat skins in Schleswig is evidenced 
by a series of cut marks on the head bones (SPAHN 1986, 52). Skinning and perhaps the 
consumption of cat meat were probably occasionally practiced in Hedeby (HÜSTER 
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PLOGMANN 2006, 129). And although again most Emden cat bones probably derive from 
disturbed complete burials, the occasional butchery mark indicates skinning and possibly 
consumption of cat meat in Emden. 
 
Birds 
Mammals were of course not the only animals butchered and prepared as food to be eaten, the 
meat of birds23 was also used in cooking. As mainly disarticulated bird bones were found 
among the animal bone waste, it is likely that all these birds ended as food for human 
consumption. If we look at the bird bones recovered in the Emden excavations, in chicken 
elements of the leg dominate and in geese and wild birds elements of the wing dominate. 
HÜSTER PLOGMANN (2006, 100) saw similar distributions in the Hedeby Harbour material, 
although in geese the elements of the leg were slightly predominant. These differences partly 
have an anatomical/taphonomic origin (see 5.1.2) and partly a human origin. As the torso and 
legs bear the most meat, leg bones dominate in the chicken assemblage. The chicken wings 
might have been consumed with “bones and all”, although I do not share HÜSTER-
PLOGMANN’s (2006, 100) suggestion that this was done by humans; dogs and pigs are the 
more likely suspects. The dominance of geese and wild bird wings might be explained by 
their usage as sweepers of various kinds and the use of the feathers for arrows and decoration. 
In this way, the wings would be separated from the main food-processing-stream early on. 
 
As in the Hedeby and Schleswig assemblages, the Emden goose bones are more fragmented 
than the chicken bones. Furthermore, the goose bones bear more butchery marks than the 
chicken bones. This is likely due to the size of the carcass and the need to fit the portions to 
the size of the cooking pot. HÜSTER-PLOGMANN (2006, 103) notes that butchery marks were 
particularly seen on the sterni due to the removal of the breast meat. In the Emden 
assemblage, where sterni probably survived less well, only one goose sternum has a chopping 
mark and four sterni have cut marks. In chicken, only one sternum bears cut marks. Chop and 
cut marks on the skulls are the result of killing the animals. One chicken and one goose skull 
bore these marks in the Emden assemblage. In chickens especially the tibiotarsus (drumstick) 
shows butchery marks, whereas in geese this is the humerus. This difference probably reflects 
the dominance of legs in chickens and wings in geese. 
 
Meat preparation 
Meat was precious and was thus cooked with great care and skill (SPENCER 2004, 8). With 
only 1% of burnt bone it becomes evident that most meat was boiled instead of roasted in 
Emden. The burnt bones represent accidental burning during roasting or dropping of bones 
into the fire. In this way the fat was best made use of and no proteins were lost. HÜSTER 
(1990, 116, 121) reached the same conclusion for Schleswig. Pork and mutton could be salted 
in autumn to last longer (SPENCER 2004, 18-19). The presence of holes in the blade of the 
scapulae of sheep/goat and pig indicates that meat was preserved by hanging on a hook above 
the fire to be smoked (see chapter 2.8). 
 
Split and smashed long bone diaphyses in the Emden assemblages indicate that marrow was 
extracted from the bones. Bone marrow is high in protein and fat content and was commonly 
used in soups and other dishes to add flavour. A special case of industrial marrow extraction 
from cattle bones was seen in a 14th century deposit from Malines (Belgium). Apparently, 
                                                 
23 Cut marks are rare on fish bones and this is likely due to their anatomy. Butchery experiments by WILLIS et al. 
(2008, 1441-1443) have shown that most butchery marks are to be found on the ribs and the vertebral neural and 
haemal spines and not on the vertebral centra. However, ribs and spines are usually not analysed as they cannot 
easily be identified to species. 
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cattle mandibles were heated in a fire to release the marrow from the dental cavity. The 
marrow could be used to make smokeless and non-smelling candles, as an ingredient in 
cosmetics, as lubricating grease for textile production or to oil finished leather products. 
Historical sources show that Malines and Leuven had guilds whose members dealt 
exclusively in greasy products (vettewariers): lard, candles, butter, eggs, soap, grease, cheese, 
vinegar, chickens and other birds, smoked, cooked or salted pork, tripes and offal. In other 
towns, like Bruges, Ghent and Antwerp, these products were sold by the general retailers 
(meerseniers) (ALEN & ERVYNCK 2005, 193-200). Five cattle mandibles from Emden, most of 
them dating to the 13th century, show the same charred marks. HÜSTER (1990, 116) describes 
the same marks on sheep/goat and pig mandibles but relates them to a cooking practice 
observed in Iceland and Norway where the head of a butchered sheep was placed in the fire 
until the skin was completely scorched and subsequently the head was boiled in water for 
several hours. Marrow was used in Emden, but not in the elaborate ways as in Malines, 
Bruges, Ghent and Antwerp. 
 
5.2.3.2 Skin, fur and leather working 
 
Closely related to the butchery process is the processing of the skins of the butchered animals. 
For instance, the butcher had to flay the animal to produce a useable hide (ERVYNCK et al. 
2003a, 69). Subsequently, cattle hides were sold by the butcher to the tanner, just as the skins 
of sheep, pig, horse, deer and dog. Generally the feet (and horns) were still attached to the 
skin24, but sometimes the horns were cut off and sold to the horner by the butcher himself (see 
ALBARELLA 2003, 73 for a literature summary). Cat skins and the pelts of other animals like 
foxes, marten, stoat, polecat etc. were supplied by the skinner or furrier. 
 
Depending on the origin of the hide and the desired end product, different tanning processes 
were applied. Generally, fresh skins were treated with salt to stop decomposing. Subsequently 
the skins were watered to remove grease, blood and salt. The hairs were removed using a 
scrape pole and scraper. The hairs that could not be removed mechanically were loosened by 
placing the skin in a mixture of water, slaked lime and ashes. Before the real tannery process 
began, the skin was scraped and rinsed again. Subsequently the skins were placed for up to 
half a year in a tannery pit filled with tannin (bark of oak, beech, birch and fir). The skins 
were rinsed a final time and left to dry in the open on wooden poles (SOPP 1999, 104). In 
order to produce thick strong calf and cattle leather for the manufacture of shoes, saddles, 
arms, jugs and mugs, skins were placed in the tannery pits for up to one and a half years 
(NENNO 1996, 487).  
 
To produce softer and suppler leather for the manufacture of clothing, bags and book covers 
the skins were placed in wooden barrels and were preserved with potassium alum (KAl(SO4) 
2.12(H2O)). The skins were left in the mixture for up to eight days and were subsequently 
walked by humans to stretch them. Subsequently the skins were treated with grease to make 
them suppler. The skins of sheep, goat and wild animals were often treated in this manner 
(NENNO 1996, 487). Grease or oil was sometimes walked directly into a de-fleshed and de-
haired skin. Heat could be used to speed up the process. This resulted in very soft and supple 
                                                 
24 As evidenced by finds from a tub from the tannery on the Willemstraat, Bruges (Belgium) it was found that: 
“The head parts have been cut away behind the ears and horns, and where the frontal and nasal parts of the 
skull meet. An incision runs from the nasal area to (and through) the eyes” (ERVYNCK et al. 2003a, 65). 
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leather especially useable for gloves (ibid 1996, 488). The finished leather was sold on to 
various leather workers like the shoemaker, glove maker and book binder. 
 
Although so far no has been found in Emden25, excavations in other medieval towns show 
what these industries have looked like. Particularly good examples were excavated at 
Ledergasse 1, Regensburg (WINTERGERST 1993), Düsterngraben/Tränketor, Halberstadt (SOPP 
1999), the Kornhaus, Tübingen (SCHOLKMANN 1993), Schulberg, Plauen (MILNE 1995), 
Humpisquatier, Ravensburg (SCHMID 2004) and Schaffhausen (MARKERT 1990). The 
tanneries of Tübingen and Regensburg have shown that this smelly and polluting business 
was not always situated on the fringes of town or downstream of the town as is thought by 
KEENE (1982, 27), BOOCKMANN (1987, 109) and NENNO (1996, 487). A modern day 
Moroccan tannery in Fez (Figure  5-39) is surrounded by many buildings. 
 
 
Figure  5-39 Tannery in Fez (Morocco), picture by Csörföly Dániel as found on Wikimedia Commons. 
 
Although no evidence for a tannery was found in this part of Emden, their finished products 
were found in the Kirchstraße excavation: shoes and leather scraps as well as a leather mask. 
Numerous leather finds are also known from the Rosentraße and Schulstraße excavations. 
Among them was a ball (pers. com. Prof. Dr. W.H. Zimmermann). The following description 
and the pictures of the mask which was found in a rubbish pit came from a publication by 
RASINK (2005b). The mask was made out of re-used piece of leather measuring  
14.5 x 19.5 cm. The ears, eyes, nose and mouth were crudely cut out. A leather strap would 
have secured the mask onto the face (Figure  5-40). The size of the mask and the fact that it is 
                                                 
25 HAARNAGEL (1955, 17) notes that a barrel with leather was found at the Rosenstraße dating to the 14th-15th 
centuries. Unfortunately, the finds were not recorded in any detail. 
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made by an untrained hand, indicate that it was made and worn by a child (Figure  5-41). The 
mask was found in an occupation layer dating to the 15th or 16th century. 
 
 
Figure  5-40 The leather mask from Emden (Ostfriesische Landschaft). 
 
Only two other leather masks from Bremen (Germany) and Kampen (Netherlands) are known. 
The Bremen mask was also found in a rubbish pit and possibly dates to the 15th-16th centuries. 
The mask measures 15.5 x 15 cm and was recycled from a shoe. The mask is small and the 
eyes, nose and mouth were made rather crudely. As no strap for positioning the mask onto the 
face was found, it was probably held by hand in front of the face (RECH 2004, 322-323). The 
mask from Kampen dates to the 16th-17th centuries and measures 20.5 x 15 cm. As the mask is 
quite small and the eyes, nose and mouth are close together, it seems to have belonged to a 
child. A strap was used to fix the mask onto the face. The half round ears and pointy teeth 
indicate that this is an animal mask, possibly a bear. The mask from Kampen has been made 
with more care than the ones from Emden and Bremen and was thus probably made by an 
adult (BARWASSER & GOUBITZ 1990, 84). These masks could have been used during festivals 
at religious events (St. Nicholas or Christmas) or at celebrations of the guild. They might as 
well be normal children’s toys used by the Emden youth to scare people. Dick de Boer (pers. 
comm.) suggests, as the wearing of masks was strictly regulated in the medieval period, that 
this masks was used to cover scars and the like. 
 
Another important product made of the skins of cattle (calves), sheep and goats was 
parchment. The highest quality was called vellum. Unlike in leather production, skins used to 
make parchment are not tanned. The hides are soaked at length in water to clean them and to 
make them supple. Subsequently the hides are soaked in lime water to loosen the hairs and 
remaining tissue, which were carefully scraped off. Afterwards, the skin was stretched on a 
wooden frame and allowed to dry. The skin was scraped again to remove the remaining hairs 
and tissue and subsequently polished using pumice and chalk. It is possible that some of the 




Figure  5-41 The mask worn by eleven-year old Tim Bexter (Ostfriesische Landschaft). 
 
Besides the use of leather, the use of cat fur is archaeologically traceable in medieval Emden 
(see 5.2.3.1). The fact that most fur bearing animals were not eaten meant that their skinned 
carcasses were left at the kill site. The skins probably had the paws still attached to make 
identification easier and fraud difficult. These bones likely ended in a deposit near the 
workshop of a furrier. 
 
5.2.3.3 Bone, horn and antler 
 
Before the age of plastics, bone, horn, antler and teeth were widely used as raw materials. The 
characteristics (mechanical properties) of each raw material determined its use. Bone was 
widely available from the butcher and came in a large variety of shapes. Compared to antler 
however, it absorbs shocks and sudden impacts less well (MACGREGOR 1985, 23-29). Antler 
on the other hand has only a limited shape range and its sources (red deer, roe deer and elk) 
were not widespread in the coastal area around Emden. Horn objects have not survived in the 
Emden soil. That horn was worked is evidenced by cattle, goat and sheep horn cores with 
chop and cut marks. Of the 309 cattle horn core fragments in the Emden assemblage 14% 
have cut marks and/or chop marks (29%). Seven of the twelve goat horn cores were chopped 
at their bases. Of the fourteen sheep horn cores, one bears a cut mark and one was chopped. 
Of the three indeterminate sheep/goat horn core fragments, one bears a cut mark. The possible 
preference for goat horns as evidenced by the higher occurrence of chop and cut marks 
compared to the sheep horn cores in an assemblage otherwise deprived of post-cranial goat 
bones seems odd. ALBARELLA (2003, 81) suggests that these goat horn cores derive from long 
distance skin trade. To be as economical as possible, the useless metapodials which would 
have increased the weight and volume were removed. There is no evidence for the use of teeth 




Bone implements from the Rosenstraße excavation now missing 
Object Measurements Standlinie Direction Depth (sea level) 
Occupation Phase
(century) 
Long comb Length 13 cm -8.60 m 0.20 m South +3.50 
Bearing Length 13.5 cm +2.30 m 1.00 m South +3.40  2
nd half 13th  
Composite comb fragment Length 8 cm +1.30 m 2.00 m North +3.10 1st half 13th  
Double-sided comb Length 11 cm +6.80 m 0.10 m South +2.20 
Complete composite comb Length 15 cm -6.80 m 0.90 m South +2.20 
Piece of a comb edge Length 2.5 cm +4.90 m 1.50 m South +2.20 
Spinning whorl Ø 5 cm -0.80 m 1.10 m North +2.20 
12th  
Highly decorated comb with Length 15.5 cm +6.00 m 0.50 m North +1.60 
Angular pieces of a comb Length 4x2.5 cm -3.00 m 1.30 m North +1.60 
Comb fragment decorated Length 2x4 cm +7.80 m 1.30 m North +1.30 
late 10th/early 11th  
Skate? Length 28 cm -7.70 m 0.50 m South +0.70 mid 9th/early 10th  
Bone implements from the Schulstraße excavation now missing 
Comb fragments ? +6.50 0.50 East +3.00 1st half 13th  
Spindle whorl fragment ? +1.00 0.20 East +2.40 12th  
Skate ? +0.50 1.40 East +1.50 Late 10th/early 11th 
Spindle whorl ? +3.20 0.10 West +0.60 Mid 9th/early 10th  
Figure  5-42 Table of bone implements now missing. 
 
Due to the antiquity of the excavations at the Rosenstraße and Schulstraße, it was difficult to 
trace the objects of worked bone and antler. Three types of administrative lists exist: 1) the 
primary lists at the end of the excavation diary, 2) two lists of some of the objects, probably 
made shortly after the close of the excavations and 3) a book with drawings of some of the 
objects from many excavations carried out by the NIhK that was kept by its conservator  
Mr Haiduck. The primary list sometimes contains a simple drawing of the object, whereas the 
book has very elaborate drawings of all the objects it contains. Beyond this, the primary list 
for the Rosenstraße gives measurements for the objects. None of the lists gives a complete 
overview of all the objects found and identified during the excavation26. During the recording 
of the bone material many more objects were identified. Consequently, it was necessary to 
assign a new catalogue number to each of the objects. When there were contradictory data 
between the lists, the primary list was chosen as the correct one. Descriptions and 
photographs of the objects can be found in the catalogue (see appendix). The bone distribution 
maps also feature the catalogue numbers of the bone objects (see chapter 2.9 and 3.9). Not all 
the bone objects on the lists could be tracked down. It is very likely that some of these objects 
are in museums throughout north-western Germany. As, however, no papers concerning these 
loans exist, it was impossible to track the objects down. Data about these missing objects can 
be found in Figure  5-42. 
 
A total of 132 bone and antler objects (0.6% of NISP) were catalogued for the Emden 
excavations. The missing objects were left out of this calculation. Of these 132 objects, 48% 
were found at the Schulstraße, 24% at the Rosenstraße, 21% at the Kirchstraße, 5% at the 
Pelzerstraße and 2% at various other small excavations. As 32% of the total NISP comes from 
the Schulstraße compared to 21% from the Kirchstraße and 29% from the Rosenstraße, it 
seems that worked bone and antler objects were more numerous at the Schulstraße than at the 
Rosenstraße and Kirchstraße. Since the total number of worked pieces is only small, a further 
subdivision into chronological periods does not seem valid. 
                                                 
26 For the Rosenstraße only catalogue numbers 15, 24 and 42 were not in the primary list. Numbers 15 and 24 
were in the secondary list, number 42 only in the book. For the Schulstraße numbers: 5, 18, 28, 30, 31, 32, 40, 
50, 60, 62, 63, 64, 65, 67, 70, 71, 79, 81, 82 and 84 were not in the primary list. Of these, numbers: 5, 18, 28, 30, 
31, 40, 62, 79 and 81 were in the secondary list and numbers 32, 50 and 70 were in the book. Numbers 60, 63, 
64, 65, 67, 71, 82 and 84 were not listed at all. 
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Apart from finished products, some typical bone worker’s debris was also found at all three 
major excavations (Plate XIV-XVI). In particular the sawn-off proximal or distal joints of 
cattle metapodials, which are typical comb maker’s debris (ULBRICHT 1984, 20-21), were 
regularly found and indicate a medieval bone working industry in Emden. A slight 
accumulation (n=9) of this material in layers dating to the second half of the 13th century at 
the Schulstraße might indicate the nearby presence of a bone working shop. However, in 
comparison to the enormous amounts of debris (thousands of unfinished beads and dices) 
found at a bone workshop in Visegrád, the royal capital of Hungary in the 14th-15th century, 
where beads for rosaries and dices were produced, the evidence from Emden is rather meagre 
(GRÓF & GRÓH 2001, 281-282). 
 
Antler and bone have their own pros and contra when it comes to using them as a raw 
material. Cattle bones were favoured (64%) as a raw material in Emden. This coincides well 
with their dominance in the animal bone assemblage. With 23%, red deer antler is the next 
important raw material and its importance is clearly not mirrored by the presence of red deer 
remains in the animal bone assemblage. It is thus clear that antler was highly favoured as a 
raw material and was probably imported as red deer and elk are not typical inhabitants of the 
coastal zone. Once worked, it is impossible to tell the difference between the types of antler. 
Since this commodity was probably traded into Emden, all are equally possible sources. The 
find of red deer antler waste (cut tine tips) indicates that antler rather than finished products 
was traded in. With 5%, horse bones were probably favoured over cattle bones as a raw 
material as this is a higher proportion than seen in the total animal bone assemblage (compare 
ERVYNCK, LALEMAN & RAVESCHOT 1992, 53 on the situation in Gent, Belgium). The choice 
of the raw material thus does not reflect their abundance in the bone assemblage and this 
means that certain bone objects apparently required a typical raw material. For Emden this 
resulted in composite combs being made of antler and skates usually being made of horse 
metapodia. As the cattle metapodia have a limited size, people with large feet needed larger 
skates. The solution was found in using the larger horse metapodials and radii (see numbers 
58, 59, 61-63, 67 and 69 in the catalogue). 
 
Among the finished worked bone and antler pieces found at Emden, combs were the most 
numerous (Plates I-V). Among them were twenty long combs (or fragments), twenty-two 
composite combs (or fragments), a one-piece double comb and three comb case fragments. 
The predominance of combs shows that personal hygiene was a priority in this part of 
medieval Emden. Some composite combs (numbers 22, 26, 28 and 33) are divided into fine 
and coarser teeth indicating the use of these combs to clean the hair of for instance lice and 
fleas. The one pieced double comb (number 34) looks remarkably like a modern cat’s flee 
comb. The long combs were probably used to pin up long hair. Holes in the top of most of 
them indicate that they could be hung for storage. These combs were not used in textile 
working (ROES 1963, 28) as analysis has shown that human lice and fleas have survived on 
some of them (SCHELVIS 1992, 520). 
 
Clear differences in quality can be seen in the combs. Only five long combs bear a simple 
decoration of incised lines. Apart from differences in the decoration of the composite combs, 
some combs were made rather crudely (number 26 and 36). It is likely that these differences 
were reflected in the price. If so, it indicates that combs were widely used among different 
social groups and thus hygiene was important even if you did not belong to the upper ten. The 
fact that particularly the highly decorated comb 23 has very worn teeth indicates that the most 
expensive combs were treasured heirlooms. 
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Skates and skate fragments are another large group within the worked bone and antler 
assemblage (Plate VII-VIII). KÜCHELMANN & ZIDAROV (2005) have updated and enhanced 
our knowledge on the use of bone skates by conducting experiments with replicas on ice. The 
objects from Emden are truly skates and not “smoothers” as the striations on the facet are 
mainly running parallel to the axis of the bone (MACGREGOR 1985, 141-142; BECKER 1990; 
KÜCHELMANN & ZIDAROV 2005, 17-18). The database constructed by KÜCHELMANN & 
ZIDAROV (2005, 2) from skates dating to a variety of periods found in western and central 
Europe shows that most skates are made of horse bones. This holds true for Emden as well 
where seven of the twelve skates are made of horse bones. Regarding the most popular 
skeletal element, the data of Emden is in line with the database as most skates are made of 
metapodials (n=10). The two probable sledge runners found in Emden are made of a horse 
radius (number 64) and a cattle metacarpus (number 68). The latter is interpreted as a sledge 
runner according to the fact that the holes are drilled vertically (cranio-caudal) into the bone 
(BECKER 1990, 26). Apparently, it was custom use in Emden to bind the skate to the foot as 
eight of the ten complete skates have holes probably used for this purpose. Two skates lack 
these holes and were not attached to the foot. On the contrary, all skates found in the much 
larger assemblage from Thetford lack holes (ROGERSON & DALLAS 1984, Fig. 195-197; 
RIDDLER 2004, Fig. 41 and GRIMM, in prep.). In both cases, a pole or two poles were used to 
push one-self forward. 
 
Since skates bigger than the foot were most comfortable according to KÜCHELMANN & 
ZIDAROV (2005, 12), it seems possible to determine the size of the skaters. Of the eight 
complete skates, three equal our modern shoe size 40, one size 39, three size 36 and one size 
32. They thus seem to have been mainly used by adults. These skates were probably used as 
modes of transportation during the winter when water courses were frozen. However, their 
use in leisure and competition cannot be excluded either. 
 
Other possible pieces associated with leisure activities are the game pieces and flutes and 
whistles (Plate VI). Object 47 is a whistle probably made from a goose ulna found at the 
Schulstraße and dating to the second half of the 13th century. Object 48 is a flute made from a 
sheep/goat metatarsus found at the Kirchstraße and dating to the 14th-16th centuries. The flute 
bears two holes for the fingers and one hole at the back for the thumb. The crack at the back 
radiating from the thumb hole and/or the broken out upper finger hole made the flute 
worthless, if they are old fractures. Flutes and whistles are well known from the excavations 
in Saxon Thetford (LAWSON 1984, Fig. 200; LAWSON 1993, Fig. 161 and LAWSON 1995, Fig. 
87), medieval Schleswig (ULBRICHT 1984, 61, Taf. 43, 44 and 91) and other medieval 
excavations (ROES 1963, 59-62, Plate XLVIII and IL; MACGREGOR 1985, 148-151). Both the 
whistle and the flute were quite crudely made with no particular care involved in cutting out 
the holes. This makes it likely that these instruments were not used as highly sophisticated 
musical instruments. The whistle could have been used to imitate birds in fowling or to 
summon the dog. The flute might have been played in a band with other instruments. 
 
Objects 49 and 52-55 are interpreted as game pieces. Object 49 is a cattle first phalanx with a 
carved symbol on the dorsal side. A similar find from Dokkum (Netherlands) dating to c 1600 
shows a carved quadrangular figure on the dorsal side as well as two holes drilled into the 
proximal articular surface. VAN GELDER-OTTWAY (1979, 115) interprets the bone as a game 
piece (so called koten in Dutch) as it shows use polish. Cattle phalanges with bored holes 
and/or carved crosses on the diaphysal surface are also known from the hill-fort of Otepää in 
south Estonia which was occupied from the Middle Iron Age until the medieval period 
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(MALDRE 2001, 25-26). Decorated cattle phalanges were used in a skittles gambling game 
(BRÄUNING 2004, 30). 
 
Objects 52-55 are flat game pieces with a hole in the middle. Numbers 52 and 53 are 
composite pieces made out of three plates of bone nailed together. Piece 52 was decorated 
with parallel lines radiating from the central hole. Object 54 was cut out of a mandibula ramus 
and object 55 is a slice of an antler tine. A similar composite bone object made of three round 
thin bone plates riveted together with two iron rivets, decorated with dot-circles and with a 
hole in the middle was found at the excavation at De Kelders in Leeuwarden (Netherlands). 
The find dates to the 12th-14th centuries and is interpreted by HIELKEMA (2006, 167-168) as a 
spindle whorl. More likely is the interpretation by ULBRICHT (1984, 57-58, Taf. 39, 40 and 
86) as game pieces for the many examples found in Schleswig. 
 
Among the remaining bone objects found at the Emden excavations are various pointed 
objects interpreted as awls (Plate IX). Various examples of worked ribs, some polished or 
with holes, might have been used as handles or smoothers for textile and leather (Plate X). 
The objects on Plate XI are tentatively called bearings. They are sporadically found in other 
medieval excavations as well (Schleswig: ULBRICHT 1984, Taf. 49 and Groningen: HELFRICH 
& VAN GANGELEN 1992, Afb. XX-2). Apparently, a round device was stuck into the hole and 
was able to turn freely 360º as the circular marks show. Though in use, the bone was not able 
to move as no marks were found on the palmar side of the bone. It was probably placed on the 
palmar side of which the ends were flattened. This flattening would have been unnecessary 
when the bone stood upright and the ends were stuck into something. Maybe it was used as a 
holder for the shaft of a potter’s wheel and pieces of clay, stuck between the wheel and the 
bone, left the circular marks. 
 
A number of other objects are pictured on Plate XII. Objects 83-86 are probably handles for 
tools or cutlery as some still have a metal core from the original tool. Object 87 is probably 
the only definite spindle whorl found in this part of Emden. Since spinning is commonly 
regarded as an activity performed by the females of every house hold, it is odd that so little 
has survived archaeologically. Maybe spindle whorls were commonly made of unfired clay or 
wood and have not survived or were not recognised as such. Another object associated with 
textile working is a needle (number 89). Again, it is the only needle found in this part of 
Emden. However, as needles are rather fragile and small, their absence might be due to the 
excavation technique employed. Objects 88, 90 and 91 are of unknown function. 
 
A truly spectacular find are the remains of a bone box (Plate XIII) which were found near an 
oven inside the burnt-down remains of house 2 of the 11th century occupation layer at the 
Rosenstraße (HAARNAGEL 1955, 26). The bone box was made of linden wood covered by 
strips of decorated bone. The box was probably a relic shrine. As the box was burnt, some of 
the bone strips started to calcinate and became milky white, while others turned dark brown to 
black and were merely charred. As the bone strips have different colours, the box probably 
collapsed in the heat of the fire and individual pieces experienced different levels of heat. 
According to experiments conducted by WAHL (1981, 273), some of the fragments were 
subjected to a heat between 650 and 700°C (milky white; chalky) and others to between 300 
and 400°C (dark brown and black). 
 
Only a few of the many small pieces of decorated bone could be glued together. They have 
many different decoration patterns consisting of dot-circles, circles, zigzag lines and rows of 
thumb nail-like incisions. The dot-circles form long (complex) plait rows. At least eleven 
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different patterns could be observed. These decorations were made on long small thin strips of 
bone, probably cattle or horse ribs. The decorated front of the ribs is highly polished and on 
the back, some of the sponguosa is still visible. Some strips were cut-off vertically after 
decorating, others at an angle. Larger plates of bone, possibly also made out of ribs, were 
decorated with single or double zigzag lines. These plates had a special function as they are 
decorated with cut out crosses surrounded by four holes and enclosed by a double circle. One 
of these special plates has a slightly different decoration; no zigzag lines but irregularly 
placed double-lined dot-circles. In addition, the cross and round holes are enclosed by a triple 
circle. Thin rectangle plates of brass27 (observation made by G. Kulbach, conservator at the 
NIhK) were placed underneath these cut out decorations. Some of the bone strips and plates 
have small rivet holes indicating how they could be attached to the wood. 
 
As no larger parts of the box have survived, a reconstruction of the box is almost impossible. 
The reconstruction in HAARNAGEL’s publication (1955, 70) of a low quadratic box is 
incorrect. A more likely rectangular reconstruction was proposed by HAIDUCK (1992, 75-76) 
in which the large plates with the cut out crosses form the lid and the sides. These larger 
plates were surrounded by the small strips of bone decorated with plaits of dot-circles. 
 
According to HAIDUCK (1992, 78) these relic shrines are mainly found in church contexts 
(church treasure). This is indeed the case for Medenheim (Northeim) where the burnt remains 
of such a shrine were found in the sacristy of the church. The relic shrine probably dates to the 
12th century (TEUBER & TEUBER 2004, 615-616). However, in 1991 in a Slavonic settlement 
near Pasewalk (Mecklenburg-Vorpommern, Germany), the triangle lid-plate of a relic shrine 
was found (SCHOKNECHT 1998, 60, 62-63, 88). The relic shrine would have had a roof-like 
lid. The piece found was decorated with a pattern of overlapping double-lined dot-circles and 
a circle filled with different dot-circles. The fragment was found among the contents of a 
house pit with integrated stock pit which measured 3.20 x 2.00 m and had a depth of 0.50-
1.00 m (SCHOKNECHT 1998, 69). Another piece of a relic shrine was found in the castle wall 
of the Schwerinsburg (Ldkr. Ostvorpommern, Mecklenburg-Vorpommern, Germany). The 
piece was decorated with dot-circle ornaments. A piece with a thumb nail-like motive was 
found at a deserted settlement near Schwiessel (Ldkr. Güstrow, Mecklenburg-Vorpommern, 
Germany). Several mounts and the lid of a similar box have also been found at the 
excavations in Schleswig (ULBRICHT 1984, 55-57, Taf. 36 & 37 and Taf. 83 & 84). Riveted 
strips of decoratively carved bone (all but one of split rib) were also found on the lid of an oak 
box or casket from Coppergate in York, dating to the mid 11th century (MACGREGOR & 
MAINMAN 2001, 346; 353). These highly decorated objects were certainly not available to 
everybody as they would have required a lot of craftsmanship and many hours of crafting 
(expensive). The above list of comparable pieces shows that they were not exclusively 
associated with churches either. In the absence of related working debris it is unlikely that 
(pieces of) such boxes were manufactured at all these non-church sites. It can thus be 
concluded that the inhabitants of the Emden house where the box was found were 
comparatively well off. 
 
ULBRICHT (1984, 17-26) has dealt with the different ways in which bone, antler and horn were 
worked and this does not need elaborate repetition here. It seems obvious that bones from 
meat rich parts were usually not available to the bone worker as these were damaged during 
butchery and subsequent food preparation. The bones that were available needed to be 
cleaned of all meat and skin and were subsequently cooked to remove most of the grease. 
                                                 
27 And not gilded pieces of tin as stated in HAARNAGEL (1955, 69) and HAIDUCK (1992, 75). 
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Greasy bones discolour, are smelly and will eventually disintegrate. The bone objects in 
Emden and their waste show that a variety of tools were used in their manufacture. These 
tools are almost never recovered during excavation as they are made of iron which corrodes or 
was re-cycled. However, the saw marks on the Emden objects allow for the reconstruction of 
the thickness of the blades used. The found “less than28” blade thickness for the Emden 
worked bone and antler objects indicates that blades with a thickness below of 0.4 and  
0.5 mm were mainly used (Figure  5-43). This result is comparable to that found for Schleswig 


















Figure  5-43 Saw blade thickness found for the Emden worked bone and antler. 
 
A different use of bone material needs a short mention as it may not leave any traces in the 
archaeological record: the use of bones as fuel. Bone mixed with wood has a flammable phase 
that lasts one third longer than a fire made of wood alone. Even fresh bone does burn when 
some initial dry wood is used for combustion. Cancellous bone of the distal extremity burns 
best as the liberation of fat is slowest compared to other parts of the bone. Bone produces a 
fire with heat transferred as convection29 and radiation30. Such fires can be used for lighting, 
drying and curing, not for maintenance of fire (heat through the night) or cooking as it does 
not produce embers. As it takes 40 kg of fresh bone to maintain three hearths for six hours, 
which is the equivalent to four animals of 40-60 kg live weight, burning bone would not have 
replaced wood (THÉRY-PARISOT et al. 2005, 50-59). 
 
With regard to the use of bone, antler and horn in medieval Emden it can be said that these 
materials were worked locally. In particular the debris associated with the profession of comb 
makers was found at all three major excavations. Although no concentration of objects or 
bone worker’s debris was found, the presence of comb makers’ waste suggests a work shop 
                                                 
28 The width of the cut was measured which is slightly wider than the thickness of the saw blade. 
29 Diffusion of heat through a liquid or gas by motion of its parts. 
30 The emission and propagation of radiant energy. 
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near the excavated area. Similar waste was found in Hedeby (HÜSER 2006, 241), Schleswig 
and Thetford and the range of different types of objects is paralleled by finds from these 
medieval towns.  
 
5.2.4  Waste management 
 
With regard to waste management in medieval Emden a note must be made. The antiquity of 
the excavations at the Rosenstraße and the Schulstraße means that finds were not collected per 
feature. Features like (dung) pits and a well are mentioned in the excavation diary and report, 
but their contents cannot be separated out of the animal bone assemblage. The excavation at 
the Kirchstraße did not produce evidence for cesspits. The description of medieval waste 
management given below is thus mainly based on historical sources and (historical) research 
of others. It is believed that solutions for waste management adopted elsewhere were probably 
implemented in medieval Emden as well. 
 
Manure 
The animal bone analysis has shown that at least some animals were living inside the city 
walls. The manure they were producing was likely to exceed the need for fertilizer for the 
kitchen gardens. The ingredients of manure are: nitrogen (N), potash (K2O), phosphoric acid 
(H3PO4), lime (CaCO3) and trace elements in different proportions in respect to species 
(VON DEN DRIESCH 1995, 29). Although valuable, manure cannot always go straight onto the 
land and thus had to be kept in dung-hills. In the first book of the Re Rustica chapter 6, 
Columella says that a villa should have two dung places: one for fresh dung and one for dung 
from the year before. The dung should not dry out. Instead the dampness should let it rot so 
that the seeds of weeds decay and the dung keeps its strength (AHRENS 1972, 63). Dried 
manure could be used as fuel. 
 
Not all waste was collected in dung-hills as these were obstructive and smelly. In addition, an 
enormous amount of human faeces had to be dealt with as well. CLEVIS & SMIT (1990, 16-17) 
provide a chronological summary of medieval waste management. It started with simple pits 
being dug to collect human and animal waste on people’s premises. This was convenient as 
there was no need to bring every piece of waste to either a levelling spot within the walls or to 
a dump outside the walls. Once a pit was filled, another one could be dug. When fertilizer was 
needed, an older pit could be dug up. When the towns developed and buildings became more 
crowded, these pits were lined with timber and lids were used to reduce the smell. This stage 
is archaeologically traceable from the 13th century onwards. Disused wells were also 
frequently used as rubbish dumps. Purpose-built cess cellars inside a building or cess pits 
outside a building built from bricks are known from 11th century Maastricht, 14th century 
Nijmegen and 14th century Wismar, Rostock, Stralsund and Greifswald (SCHÄFER 2005, 254-
257). 
 
Several dung pits were uncovered during the excavations at the Rosenstraße and the 
Schulstraße. One of rectangular form was situated to the north of a typical three-aisled 
farmhouse at the Rosenstraße in an occupation layer belonging to the 13th century 
(HAARNAGEL 1955, 17, 24). This particular find is paralleled by a dung pit found at the 
excavation at the Pieterseliestraat in Zierikzee (NL) which had a diameter of 3.0 m, a depth of 
2.8 m and a timbering of wooden posts and wicker-work. This dung pit belonged to an urban 
house with wattle and daub walls, which reminded of a farmhouse (VAN HEERINGEN 1990, 5, 
14). Two dung pits situated inside houses were found at the Schulstraße. Both could be dated 
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to the 13th century (HAARNAGEL 1955, 36, 39). Unfortunately, these dung pits were not 
recorded in any detail so that their precise contents are unknown. 
 
KEENE (1982, 26-28) reviews the documentary evidence concerning the nature and disposal 
of rubbish in English medieval towns. Some of the earliest municipal records cover the 
control of the disposal of human and animal faeces. These included the positioning of 
cesspits, the removal of rubbish, maintenance of the streets and the practice of certain trades 
like butchery and tanning. It not only shows that medieval towns were quite dirty, but also 
that people cared for the appearance and smell of their town. Inadequate surface drainage was 
one reason for the rapid accumulation of rubbish and other deposits. Mud was a constant 
problem. Dung and straw from stables, both private and those associated with inns, were 
pitched into the streets forming smelly heaps which obstructed traffic. Regulations for 
cleaning the streets and removing the waste were usually enforced at special events, such as 
an assembly of a parliament in a town. When regulations were shown to work, they were 
likely to be adopted by other towns as well. 
 
A source closer to medieval Emden is the Digestum Vetus, a late medieval manuscript (1448-
1478) written and illustrated by notary Peter Hendricksz from Kampen. It states that the 
dumping of manure on the town dyke was forbidden and trespassers were to be punished with 
the payment of 100 shillings. Furthermore, a lamp or a burning candle was to be placed near 
piles of manure or waste which were left in the street overnight (SMIT 1990, 241). Similar 
laws may have existed in Emden. 
 
Butcher’s waste and animal carcasses 
KEENE (1982, 27) states in his survey of medieval sources concerning waste management in 
English towns, that butchers were the most notorious offenders against the sanitary 
regulations. Animals were usually slaughtered on the street close to the butchers’ shop. These 
shops were at prime commercial locations and thus situated in the busiest and most densely 
populated areas of the town (LINNEMEIER 1997). As any unusable remains were frequently 
thrown into the streets, town governments tried to regulate their disposal by making the 
butchers chop them up in small pieces and throw them into fast-flowing water or to dispose of 
them in specially dug pits at some distance of the butchery site. Analysis has shown that 
especially cattle were probably butchered by the guild and it is thus likely that the sanitary 
situation was as bad as in medieval England. Unfortunately, relevant written sources prior to 
the end of the 16th century have not survived. Due to the special legislative and administrative 
position of medieval Emden, many earlier documents were not held in the town archive, but 
in the archive of the ruling party. After Emden’s successful upheaval against count Edzard II 
in 1595, charters were transferred and kept in the town archive. For instance, the shoemakers 
guild was established in 1547 and the guild of the furriers c 1570. The earliest document 
regarding the butchers dates to 25th of September 1582 and lists 34 butchers (probably the 
entire guild) who seek approval for being allowed to butcher at home (Akte I, Nr. 458/32). 
Apparently, the Emden rulers tried to establish a central butcher facility (Email Rolf Uphoff 
16-02-2004). 
 
Another problem were the carcasses of large animals which died in the town but were unfit 
for human consumption. These animals were left for the knacker, who was often also the local 
hangman. The knacker skinned the animals and brought the skins to the tanner and buried or 
burned those parts of the carcass which could not be of any use. Since complete skeletons of 
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horse, cattle31, sheep and pig are often found during excavations in urban centres; carcasses 
were not always properly left for the knacker. Carl Linnaeus reports of a deadly cattle disease 
in his Lapland diary of 1732 which made people ill when they attempted to skin these 
animals. There upon the dead cattle were buried immediately without skinning (translation 
MEESTERS 2007, 110). The smaller piglets, dogs and cats were usually dumped in disused 
wells or cess pits. The latter practice was observed for medieval Schleswig (SPAHN 1986, 16-
18). A similar practice could not be attested for the Emden excavations due to a lack of 
recording the fills of such features. 
 
Household’s waste management 
The bone density maps in 2.9 and 3.9, suggest that the medieval houses were kept more or 
less tidy. Bone concentrations are mainly found outside the houses in possible refuse pits in 
the back yard. This pattern might be explained as follows: every now and then, as the house 
was cleaned or when activities produced a lot of refuse (like butchering); the refuse was 
dumped in a refuse pit in the back yard. Lesser amounts of debris, like the breaking-off of a 
long comb tooth, were thrown out the door or window hence the concentration of bone there. 
It is tentatively suggested that bone concentrations inside a house might indicate a fireplace as 
kitchen refuse accumulates here. Broken objects like composite and long combs or comb 
cases were thrown away when they could no longer be used or repaired. Maybe they were 




Towns produced a lot of unproductive waste. According to SCHÄFER (2005, 253), who 
provides an overview of archaeological and written sources concerning waste management in 
medieval towns in Mecklenburg-Vorpommern (Germany), until the late 13th/early 14th 
centuries this was not much of a problem as waste was still used to level areas within the 
towns. Part of the terp of Emden was constructed in this way. 
 
Scavenger evidence 
Analysis has shown that dogs and other scavengers in medieval Emden were not only fed on 
kitchen refuse (scapula, costa, pelvis) but also had access to butchery debris (vertebra,  
mandible). This means that animals were butchered on the spot and the debris was left for the 
scavengers or that people fed their dogs, cats and pigs on butchery debris found elsewhere. 
The gnawing marks left by the scavengers show that it is unlikely that all bone waste was 
immediately dumped in pits, brought to a levelling spot inside the city walls or to a dump 
outside the walls. If bone waste was dumped in open pits scavengers would still have had 
access to these. 
 
The distribution of the gnawing marks over the skeleton per species is more or less the same 
for all three excavations (Figure  5-44). This means that the dogs in Emden had access to or 
were fed on the same leftovers or chose the same bones to gnaw on through time. Scavengers 
especially liked to gnaw cattle vertebrae and costae, sheep mandibles and long bones and pig 
scapulae and mandibles. Ribs of sheep and pig were less attractive. The latter contain little 
meat after they have been filleted and do not have a nutritious marrow cavity. However, as 
cattle ribs were preferably chewed, the majority of the smaller ribs of sheep and pigs might 
have been completely destroyed by gnawing. 
 
                                                 

































































































































































































































Figure  5-44 Gnawing (% of NISP) per skeletal element per species for Rosenstraße, Schulstraße & Kirchstraße. 
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Ethnographical work conducted by BINFORD (1981, 35-86) on the bones recovered from nine 
dog yards within the village of Anaktuvuk, Alaska, confirms this pattern. Binford noted that 
the softest articulating end is frequently chewed away. Furthermore, the angle of the 
mandibula, the spines and processes on the vertebrae, distal ends of ribs, protruding parts of 
the pelvis, the proximal part of the scapula, the proximal articulation of the humerus, the 
proximal part of the ulna, the distal radius, distal metapodials, the greater trochanter of the 
femur and the medial ridge of the trochlea, the tibial crest and the tuber calcis of the calcaneus 
are usually completely destroyed by canid gnawing. It is likely that the fragile skulls were 
largely destroyed by gnawing as BINFORD’s (1981, 60-61) study shows that animals begin 
gnawing from the nose inward, removing the face and finally collapsing the cranium. This 
would leave the occipital region and the palate with the teeth. The rest of the skull fragments 










Cattle 15.9 9.7 15.0 
Sheep (goat) 24.3 16.1 23.0 
Pig 23.9 17.2 26.7 
Figure  5-45 Percentage of the bones with gnawing marks per excavation. 
 
The proportion of gnawed bones is much lower at the Schulstraße (Figure  5-45) than at the 
Rosenstraße and Kirchstraße. Possible explanations for this observation might be that the 
people of the Schulstraße were less involved in dog breeding as there seems to be a lower 
number of dog remains and less variability in dog types as well. Another explanation could be 
that the bone material at the Schulstraße was less readily accessible to dogs. Unfortunately, 
the excavation records do not specify the features the bone was found in (i.e. midden, pit, 
posthole, spread etc.). 
 
Summary waste management 
In Emden, animal and human waste was collected in dung pits in the back yards. Dogs had 
access to some of this waste prior to deposition as the many gnawing marks show. Layers of 
waste confirm that part of the terp of Emden was constructed using waste. Distribution of 
animal bone fragments shows that medieval houses were kept tidy. 
